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THE CLINICAL AND PATHOLOGIC EFFECTS OF THE NITROGEN 
AND SULFUR MUSTARDS IN LABORATORY ANIMALS* 

Irving Graef, M.D., David A. Kaenofsky, M.D., Vae B. Jager, MD., 

Boris Krichesky, Ph.D., and Homer W. Smith, Sc.D, 

(From the Departments of Physiology and Pathology, New York University 
College of Medicine, New York 16, N.Y.) 

The sulfur (bis-yS-chloroethyl sulfide) and nitrogen mustards (alkyl 
secondary and tertiary / 3 -chloroethyl amines) have been investigated 
for their pharmacologic action, toxicity, mechanism of action, clinico- 
pathologic effects, and the therapy of their effects. Other reports 
have dealt or will deal with their pharmacology, toxicity, and certain 
ph5^iologic and therapeutic aspects. This report is concerned chiefly 
with their clinical and pathologic effects. Due to restrictions imposed 
by wartime security requirements, many of the data available in classi- 
fied documents of other American, Canadian, and British investigators 
can be cited only on the basis of the original reports which are not yet 
available in the open literature. Where priority of observations is con- 
cerned, these reports are cited as dated personal communications. 

Attention was focused in our work on the clinical and pathologic 
effects of the following compounds (designated by the official War De- 
partment symbols for brevity) ; the essential toxicity data are taken 
from Anslow, Karnofsky, Jager, and Smith.^’^ 

H = bis(i 3 -chIoroethyl) sulfide 
HNi = ethyl-bis(/?-chloroethyl) amine 
HN2 = methyl-bis(/ 3 -chloroethyl) amine 
HN3 = tris()S-chloroethyl) amine 
TL 301 — iso propyl-bis(^-chloroethyl) amine 
Since our most complete studies were made on HN2 , methyl-bis (^- 
chloroethyl) amine, the results are reported in detail for this compound 
as the prototype for these vesicants. Where deviations occurred in iden- 
tical tests with the other agents, the illustrative data are included. 
There is ample evidence that the nitrogen compounds resemble H in 

* This paper is based in whole on work done for the Office of Scientific Research 
and Development under NDRC Contract No. OEMsr-s56 with New York University. 
Received for publication, April 21, 1947. 





, GUAKr, KAKNorsKV, JAnu^ Kfirnr.- i;v, a;:i» JiMsrH 

Ihcir biologic, effccl;^. The {r^. ha-o. arc v« = ir.au- 
all tissues with which they w. m t.-.uutca m .nu 

systemic effects are notably simitar in tir.m r.-latmn-. arm m 

tissues that arc most dislinciivrly atu-ctra. 


cr.ortbhr of irsjUfUrg 


The original observations rt 


Sia ut!:,* I 

CMNICAL t.rrCL'Ts 

.ruortrfi lu-rein h.ave lifc-n confined pr-tnd' 

w Zealand rab’Dit^ 


pally to rodents (albino mice, alinuu rats, and New Zealand raoo-w 
obtained from Carworth lmrm>t a.ui some dog .. Wh-ere dramtitmu dam 
arc available, reference is made to the enectr^ of the compmiml m OwU. 


specie 


Infhmcr of Route of AdfKhustratmn 
The subcutaneous, intravenous, intrutnusrular, and inSrop^-ntanea^ 
routes of administration provide accurate mwles of giving me3,siiref 
dosages of candidate compounds for toaicolngic appraisal VMcn 
volatile substances arc tested percutanrously, the loss of agent. 3 } 
evaporation or local fixation, introduces considerable variation v.-hen 
correlating dosage with systemic, cffcct.s. Obviou.dy, changes in en- 
vironmental temperature and humidity affect vaporizalion tnrougn their 
influence on skin temperature. Rates of absorption are also influenced 
by skin temperature, moisture, and the rate of penetration of each 
compound.*’’ 

The appraisal of mortality and cUnicopathologic effects via irJuiia- 
tion of the vapor, as in the case of HNi, HXs. and H, is especially 
difficult because of the unknown quantity of inhaled dose. In the case 
of a nonvolatile agent dispersed as a particulate (as has been necessary 
with HN3 until very recently) the measure of concentration in a gas- 
sing chamber as a point of reference for the inhaled dose is especially 
dubious. It is probably better tlian none, but one should not overlook 
the factors that may promote or retard inhalation and absorption of a 
particulate, viz., particle size, tlie degree of impaction and arrest in the 
nose, variations in respiratory rate and volume, absorption from the 
nose, species variations, and, particularly, impaction on the body fur 
necessitating efforts or devices to prevent licking and oral ingestion 
of agent from contaminated fur. 

It is important to note that the LD50 is an arbitrary statistical value, 
encompassing a wide, often unaccounted for, range of variation and 
even different modes of death. At the LD50, 5 of 10 intoxicated animals 
may be expected to die; at 0.5 LD50 only one of 10 maj'^ be lethally in- 
toxicated; yet the 5 animals dying at the LD50 and the single animal 
dying at 0.5 LDno may show the same degree of pathologic injury. 
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Similarly, within the lo animals receiving an LDco dose, the pathologic 
changes may range from almost nil to the most extreme. Hence the ac- 
tual dose administered may sometimes be of little value in estimating 
biologic effect; each animal must be appraised individually on the basis 
of its particular symptoms and pathologic changes. 

The form of the compound had to be varied for certain routes of 
administration. For gassing and cutaneous experiments the free bases 
were used; for intravenous and subcutaneous injections the HCl salts 
of the nitrogen mustards were employed. We have assumed, without 
direct proof, that the injection of the HCI salts was equivalent to the 
injection of the free base. 

The problems presented by the intravenous dosage of H have been 
especially vexing. The literature from World War I to date on the 
toxicity of H is inconsistent. This is not surprising when one realizes 
the difficulties of administering this compound intravenously. After 
gassing or skin application the results are fairly consistent, if licking 
or swallowing of H is avoided. The subcutaneous route also yields a 
uniform LDoo and pattern of systemic effects. But the intravenous 
route has been unpredictable. We have observed considerable variation 
in the LDso of H via this route which we believe lo be due to the mode 
of administration. When H is given neat and slowly, the LD;o for 
rabbits is about 4.8 mg. per kg., but when given rapidly it is 3.6 mg. 
per kg. When given in prop^dene glycol so tliat the velumc of the 
solvent is 0.5 cc. per kg. of rabbit the LDr^o falbs to 2.7 mg. per l-g. 
When given neat, H lodges in the pulmonary capillarie.=. and an in- 
definite amount reacts locally and is not available to produce systemic 
injury. Neat H is immiscible with the blood and when gnen intra- 
venously the droplets act like fat emboli and arc distriljutcd according 
to size, rate, and number of droplets introduced. Pulmonary injifry 


going on to infarction and necrosis was found even after the adm/ni-- 
tration of supra LDr.o doses of H dissolved in propylene glycol FarbVr 
workers also have reported pulmonary injury after H but dio no* 
relate it to the toxicity of the compound or account for its p:ith'j::cm-h. 
To avoid pulmonary injury by H droplet-embolization we have ad- 
ministered the agent dissolved in propylene glycol ana at in 


which toxicity was least likely to be affected by pulmonary 

To avoid comparisons with animals dyinc from acute In- 

jury (within S hours or less), or from late compHcatinn- ‘ after 5 dey; 
most of the animals were killed at the p-oint of death s-mrifif-'-rl nt 
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animals examined at 4S to izo hours arc included In 'C' the 
lations. 
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Indhndml Pharmacologic Actions 

For general interest, a summary of the individual pharmacologic 
actions is given but the reader may consult Gilman and Phillips for 
further comments. Above LDno doses, certain characteristic pharma- 
cologic actions are manifest chiefly on the nervous system. Thcy^ arc 
readily elicited on intravenous administration, less readily on adminis- 
tration by otlier routes. 

Cholinergic action is possessed by both H and HN2, and is charac- 
terized by "‘muscarinic’’ action on glands and smooth muscle and by 
“nicotinic” action on autonomic ganglia and skeletal muscle. In the 
case of both agents, peripheral stimulation appears to account for the 
“muscarinic” responses, although central excitation, apparently mini- 
mal, cannot be excluded. Cholinergic action is not considered a factor 
in the development of the syndrome leading to delayed death, and is 
not responsible for late vomiting and diarrhea. Whether or not cholin- 
esterase inactivation is involved in this cholinergic action has not been 
determined. 

Parasympathicolytic action is shown by HN3 at small doses, as 
judged by paral3rsis of cardiac vagal fibers and antagonism of the action 
of parasympathomimetic drugs. A similar parasyrapatliicolytic action 
of H, HN2, and XL 301 appears to be present in severe intoxication. 

Convidsive action is so distinctive of HN3 as to warrant classifica- 
tion of this agent as a true convulsive drug. High doses of this com- 
pound given parenterally have an immediate, direct, intense convulsive 
action which results in death within 6 hours. Central stimulation is a 
property of H and HN2 at high doses, but the action is not similar to 
that of HN3. 

Paralytic action is possessed by both HN2 and HN3. This action 
is characterized by a progressive, irreversible muscular weakness and 
may cause death in a number of hours. 

Neurologic injury has been observed in animals intoxicated with 
HNi and HN2 by either gassing or intravenous administration, but 
never after intoxication by other routes or with the other agents. This 
injury has usually appeared about the third or fourth day in animals 
showing no other evidence of systemic intoxication. In extreme cases, 
the injury is fatal, but among survivors h)^erirritability remains for 
weeks. 

Neurologic Death. Large doses given parenterally (5 to 10 LDco or 
more) induced neurologic injury and death in a few hours, the out- 
standing manifestations of intoxication consisting of convulsions, de- 
pression, loss of coordination, irritability, tremors, weakness, dyspnea, 



EFFECTS OF NITROGEN AND SULFUR MUSTARDS 


5 


evidence of parasympathomimetic activity— salivation, lacrimation with 
red tears in rats, defecation, and urination — ^and terminal respiratory 
paralysis. At the lower doses producing neurologic effects, animals 
survive up to 40 hours and also show evidence of delayed systemic 
intoxication. (Intravenous injection induces neurologic signs at lower 
doses, relative to the LD50, than subcutaneous injection.) 



Text-Figure i. Data on lo rats receiving 1.7 mg. per kg. of HN2 intravenously 
(i-S DDso). 

■ Delayed Death jrom Systemic Intoxication. Mice, rats, rabbits, 
and dogs, receiving i to 3 LD50 parenterally, may remain relatively 
asymptomatic for 24 to 48 hours, except for mild anorexia and slight 
weight loss. Following this latent period debilitation is rapid (Text- 
Fig. i). The fur becomes ruffled and the animal huddles in a corner; 
it stops eating and drinking and becomes progressively weaker, al- 
though somewhat h3Tperirritable, and develops watery diarrhea. The 
body temperature falls and there is rapid decrease in body weight, 
partly attributed to the loss of fluid through the intestinal tract. The 
animal becomes progressively more depressed, apathetic, and unre- 
spionsive as death approaches. In rabbits the symptoms of intoxication 
are not as marked; and although eating and drinking stop and mild 
diarrhea develops, weight loss is not as severe and the animal remains 
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fairly responsive until shortly before death. Severe leukopenia is 
present in all four species at death, A dog receiving 2,5 mg. per kg. 
of HN2 intravenously was relatively asymptomatic until just prior to 
death on the fourth day. About 5 mg. per kg. of HN2 in dogs was 
fatal in 2 to 4 days, inducing vomiting, incoordination, bloody diarrlica, 
repeated convulsions, and anorexia prior to death. 

At autopsy, intoxicated animals appear emaciated and dehydrated. 
The stomach is distended with food and fluid, and the small inte.stine, 
especially the duodenum, is distended with yellowish fluid which is 
occasionally mucoid in nature, and the intestinal wall is transparent 
and friable. Small hemorrhagic and hyperemic areas may occur In tlie 
wall of the small intestine, and ulcerations of the mucosal surface of 
the distal part of the ileum are noted occasionally. In rats, Peycr’s 
patches appear hyperemic and the cecal lymph nodes are frequently 
hemorrhagic. The cecum is usually filled %vith food and fluid, and the 
colon is often empty or contains mucus, gas, or fluid feces (notably 
in rabbits). In rats the adrenal glands are markedly enlarged. In do^, 
the intestinal lesions are complicated by hemorrhagic ulcers. 

The spleen is small and comparatively bloodless, the thymus is 
atrophic, and the lymph nodes sometimes appear hemorrhagic or are 
so greatly reduced that they are difficult to identify. The bone marrow 
is either red and liquid, or fatty in appearance. 

Fowler and Grant have described pulmonary edema in guinea-pigs 
after subcutaneous, but not after intraperitoneal, injection of HN2 
hydrochloride. 

This clinicopathologic picture is designated in this report as delayed 
death from systemic intoxication, and is to be distinguished from deaths 
occurring 7 days or longer after intoxication, the specificity of which 
is in question, and which we designate as remote deaths. 

Remote Deaths. I^Tiile most mice and rats receiving LD50 doses 
parenterally and surviving 7 days effect a complete recovery, in a few 
weight loss continues and death may occur as long as 20 days after 
injection. In such animals, weight loss is severe, in the range of 30 
to 50 per cent of the original body weight. Hodge et al.^^ have shown 
in acute starvation that 70 per cent of 3 -months-old mice die within 
4 days, after an average weight loss of 30 per cent, although older mice 
under the same conditions may live slightly longer; while Mulinos and 
Pomerantz have found that weight losses of 35 to 45 per cent may 
be fatal in rats. Most of our animals with remote deaths were in this 
dangerous range of weight loss and therefore death cannot be charged 
specifically to the late effects of HN2. In many instances infection was 
an obvious complication, and it may be suspected that, in others, less 
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evident infection contributed to the persistence of anorexia and pro- 
gressive debilitation. The possibility of a direct lethal action effective 
beyond 7 days appears unlikely. 

After the crisis of intoxication which occurs between 70 and 120 
hours, there ensues a rapid recovery of the leukocyte count and a slow 
regain of weight. Wilson, Vars, and Gurin have noted that rats 
surviving a dose slightly greater than the LDgo occasionally regain 
weight but remain extremely apprehensive and hyperirritable. The 
same phenomenon was sometimes noted in our rats. Mice surviving 
LD50 doses are capable of bearing normal young within a few weeks 
after intoxication. Observations on this point have not been made in 
other species. 

Effects of Different Routes of Administration 

By cutaneous application of the free base, the LD50 of HN2 is 
reported as 35 mg. per kg. for mice,^® 14 to 15 mg. per kg. for 
rats,^'^’^® 12 mg. per kg. for rabbits,^'^ 20 mg, per kg. for goats,^'^ and 
about 50 mg. per kg, for monkeys.^® The clinical picture, when recorded, 
is typical of systemic intoxication. The factors of skin thickness, tem- 
perature, local fixation, evaporation, and the rate of penetration of the 
applied liquid vary with the species, the site of application, and the 
environment, so that toxicity figures are chiefly of value for comparison 
with the cutaneous LD 50 of other compounds. 

The LDso of HN2 hydrochloride by subcutaneous (2.6 mg. per kg.^) 
or intraperitoneal (about 2.3 mg. per kg.^) injection in mice is not 
more than 50 per cent greater than the intravenous LD50 (about 2.0 
mg. per kg.^). The free base appears to be somewhat less toxic.^” 
There are no marked differences in susceptibility among mammals.^ 

The influence of ingested food on the oral LDso for HN2 was shown 
as follows. Fed mice receiving orally an LD50 solution of the hydro- 
chloride (0.4 cc. of a 45 to 250 mg. per cent solution in saline) die over 
a period of 4 to 7 days and the symptomatic picture and changes at 
autopsy are typical of delayed death. The LD50 was 20 mg. per kg. 
Mice receiving higher doses (50 mg. per kg.) developed severe hem- 
orrhagic and ulcerative lesions in the duodenum and jejunum, with 
occasional perforations, and deaths occurred within 2 to 3 days. In 
fasted mice (i. e., deprived of food for 18 to 24 hours before the intra- 
esophageal administration of the hydrochloride, and then re-fed shortly 
afterwards) the LD30 is 10 mg. per kg. The great majority of deaths 
occurred within 2 to 3 days, the animals showing at autopsy extremely 
severe changes in the duodenum and jejunum with hemorrhage, ulcera- 
tion, and in some cases perforation. Mice surviving this period usually 
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recovered. Il is concluded that food and f'aslrointestinal secretions 
detoxify or bind part of the HN-2 and thus limit local damage; this 
process, however, does not appear to prevent the absorption of the 
compound in a toxic form. 

Mice and rats gassed at i to 2 LCr.n {0.3 to 0.6 mg, per liter for 10 
minutes) develop dyspnea, wheeling, nasal secretion and opnqucnoss 
of the cornea, and death usually occurs 72 to 144 hours after gassing, 
with the picture of systemic intoxiaition. Rabbits have more severe 
respiratory symptoms, but systemic absorption of the compound, never- 
theless, contributes largely to death. Remote deaths arc common in 
animals surviving this critical period, but these are scattered in a 
random manner over the period of 5 to 20 days; such animals continue 
to lose weight and frequently show persistence of respiratory difnculties. 
Respiratory infection unquestionably plays an important part in these 
remote deatlis and rats that have recovered their initial body weight 
may continue to show excessive nasal secretion for 3 to 4 weeks after 
gassing. 

Mice gassed at 2 to 3 LC50 develop severe neurologic disturbances 
with agitation, ataxia, and incoordination, these symptoms diminishing 
within 48 hours. Most' of the deaths do not occur until 72 to 100 hours 
after gassing. Rats also show neurologic symptoms at this dose, but 
die within 40 hours, apparently of a combination of neurologic, respira- 
tory, and sj^stemic injury. Neurologic manifestations at low multiples 
of the LC50, an occurrence not noted after equivalent subcutaneous 
doses, have also been described by the University of Chicago Toxicity 
Laboratory.'® 

Dogs, cats, and goats are reported to suffer from such severe respira- 
tory injury in the way of edema of the glottis, necrosis and sloughing 
of the epithelium of the trachea and bronchi, with pulmonary injury 
(which may in some cases be secondary to infection), that they undergo 
an early respiratory death^®’“^ rather than the delayed death (about 
100 hours) associated with systemic intoxication and typical of gassed 
mice and rats. This may explain why the LC50 in larger animals is 
significantly lower than in mice, rats, and rabbits. 

The vapor causes redness of exposed surfaces and occasionally edema 
of the ears and male genitalia of mice, rats, and rabbits, but severe 
cutaneous lesions are not produced at LC50 doses. 

Section II 

SYSTEMIC EFFECTS OF HN2 AND H 

Irrespective of the route by which HN2 or H enters the body of 
mice, rats, and rabbits (percutaneously, subcutaneously, intravenously, 



EFFECTS OF NITROGEN AND SULFUR MUSTARDS 


9 


orally, or by gassing), they exert certain qualitatively consistent patho- 
logic effects in doses at or moderately above the LD50, notably affecting 
the blood-forming organs and small intestine. In many cases these 
systemic effects appear to be more important in causing death than 
the local injury and they will be described without specific reference 
to the route of administration. The susceptibility of the tissues affected 
was appreciated during and after World War I.c-8.22,23 report 

we have omitted detailed consideration of the local effects of these com- 
pounds for the sake of brevity. 

Routine pathologic examination has consisted of the study of the 
larynx, trachea, and lungs, several levels of the esophagus, stomach 
and intestinal tract (longitudinally rolled segments of the entire in- 
testinal tract were prepared in mice, rats, and some rabbits; in dogs 
large pieces were similarly rolled to provide adequate samples), liver 
and gallbladder, pancreas, kidneys and urinary bladder, spleen, thymus, 
Ijmiph nodes, femoral and sternal bone marrow, testes and ovaries, 
thyroid, adrenals, and heart muscle. Occasional specimens of the eyes 
and nose were studied in cross sections of' the entire head. 

Tissues were obtained by sacrifice or at Heath, and routinely fixed 
in Zenker’s fluid, cut at 6 ju,, and stained with hematoxylin and eosin. 
Sections of the spleen and bone marrow were stained with Giemsa’s 
stain, or eosin azure after Maximow. Sections of the marrow were 
cut at 3 to 4 fji. Special stains for iron and fats were used occasionally. 

HEMATOLOGIC EFFECTS OF HN2 

Leukopenia, the most distinctive feature of intoxication yet describ- 
ed, has been found in all species studied; mouse, rat, rabbit, guinea- 
pig, dog, cat, goat, chicken, pigeon, monkey, and rnan. It was first 
reported in gassed mice.^° We have followed the course of hematopoietic 
injury in mice, rats, and rabbits by means of daily total and differ- 
ential counts. The leukocyte counts were done in the usual manner, 
the smears being stained with Wright’s or the Jenner-Giemsa stains. 

Mice 

One hundred leukocyte counts and 75 differential counts were made 
on specimens of tail blood of mice before and after subcutaneous ad- 
ministration of the HN2. Our iiormal average leukocyte count (based 
on the examination of 52 tail IdIooHs) was 26,150 (range, 12,250 to 
49,000) per cmm. Leukocyte counts on heart blood have been reported 
to range from 4,000 to 6,000.^^ Differential examination was somewhat 
more consistent, but variations were wide. About 10 per cent of the 
erythrocytes showed polychromasia, an incidence recorded by others.^® 
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Because of great variations in the normal tail blood, the motisc is not 
regarded as a satisfactory subject for routine or quantitative licma- 
tologic studies. Therefore only the unetiuivocal changc-s found in in- 
toxicated animals are presented. 

Subcutaneous administration oi 30 io //o m/r. per hp,. of TIX2 HCl 
was fatal in 12 to 40 hours. Lcukocytosi.s was present within 12 hour.s, 
but in the animals surviving longer the count had begun to fall. The 
leukocytosis was due entirely to an increase in granulocytes, since 
lymphopenia occurred early. Polychromasia was not affected. The 
platelets on the smear appeared to be increased in numbers, although 
no counts were done. 

Administration of 3.0 to 8.0 mg. per kg. subcutaneously was fatal 
in 72 to 144 hours. Lymphopenia with granulocytosis of variable 
degree appeared witliin 12 hours and rvas followed by a precipitous 
decline in the total leukocyte count. Four days after injection the 
a:verage leukocyte count was 3,000 and polychromasia was reduced or 
absent. 

Tabie I 


Effects of 3.0 mg. per kg. of HNs Hydra chloride Given Intravenously in Albino Hals 


Hours after 
injection 

No. 

observed 

While blood 
cell count 

DitTcfcntiAl count 

Granu]oc 3 *tes 

Small 

lymphs 

1 

Larire 

1 lymphs 

Mono- 

O’tcs 

Banded 

Segmented 

Control 

i 34 

_ 

ftr cfnrt^ 

\ 10,000 

(7,000-15,000) 

per ceni 

(0^5) 

! per cent 

23 

Uo~ 3 ^) 

per frnl 
68 

(52-80) 

Per ceri 

5 

(2-12) 

per uni 

(0^) 

34 hours 

8 

3.400 

(1,150-7,100) 

0 

74 

(6^84) 

2S 

(14-33) 

0 

(1-2) 

48 hours 

14 

- 1 

2,300 

(so-s.800) 

X 

(0-9) 

88 

(70-97) 

1 

, 9 , 

(0-23) ! 

(< 4 s) 

0 

73 hours 

10 

600 

(250-1,150) 

Too few cells for diSerential counts, but 90 
per cent of the cells seen were lymphocj’tcs 


Subcutaneous doses of 1.3 to 2.5 mg. per kg., permitting many re- 
coveries, produced a temporary fall in the leukocyte count which re- 
turned to normal in 4 to 6 days. Polychromasia was decreased on the 
fourth to sixth day, followed by a definite increase above normal. 
Mice gassed at i to 3 LC^o and dying 3 to 6 days later also showed 

a severe leukopenia as reported by Lushbaugh at the University of 
Chicago 

Rats 

Blood for leukocyte counts and differentials was obtained by cardiac 
puncture from unanesthetized rats and at sacrifice from the free-flowing 
aortic blood of anesthetized animals. Control counts and differentials 
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(Table I) were in agreement with the data of others.^^-^s Rats were 
given 3 mg. per kg. of tlie hydrochloride intravenously (2.5 LD30) in 
one series-and 3.0 mg. per kg. subcutaneously (1.6 LD50) in another 
series. Animals in both groups died in the period of 72 to no hours 
after administration. The rapid fall in leukocytes and the change in 
the differential count were almost identical in the two groups and the 
data obtained on the intravenous group are presented in Table I. 

Rats near death at 3 to 6 days after gassing dt i to LC^o showed a 
severe leukopenia, as also noted by Lushbaugh.^® 

Rabbits 

Our most extensive study of the circulating blood was made on 
rabbits. The material is presented in some detail although it represents 
an incomplete study. It is organized, however, for the purpose of 
orientation in the problem and toward the planning of further hema- 
tologic studies. 

Normal Leiikocyte and Differential Counts in the Rabbit. Blood from the ear 
vein or occasionally blood taken by cardiac puncture was used. Conditions tending 
to produce fluctuations in the leukocyte and differential counts could not be 
eliminated from our study. It is known that there is a moderate variation in leu- 
kocyte count during the day; that heart blood and venous blood obtained from 
the ear differ in leukocyte and differential count unless the venous blood is flow- 
ing freely; and that rabbits placed on their back (i.e., for cardiac puncture) show 
a progressive fall in leukocyte count because of a decrease in l3nnphocytes.® How- 
ever, our control counts, established on 21 rabbits under a variety of conditions, 
were in agreement with the normal counts found by previous investigators®^’’ 
and the changes produced during intoxication were far out of the range of varia- 
tions attributable to our unstandardized methods of obtaining blood. 

Twenty-one control leukocyte counts averaged 8,400 (3,650 to 17,500) per cmm. 
Differential counts were made on the basis of the following classifications: 

Granulocytes 

a. Pseudo-eosinophils (corresponding to neutrophils in man) 

1. Banded cells (containing a single band-shaped nucleus and cytoplasmic 
granules staining with eosin) 

2. Segmented cells (containing a multilobulated nucleus and granules 
staining with eosin) 

b. Basophils (containing many coarse granules taking the basic stain) 

c. Eosinophils (easily distinguished by eosinophilic granules many times larger 
than the granules of pseudo-eosinophils) 

Agranulocytes 

a. Lymphocytes 

b. Monocytes. (Although monocytes cannot be distinguished readily from 
larger lymphocytes except by the use of supravital stains, a large and in- 
dented or folded nucleus which may assume many tortuous positions is 
regarded as distinctive of a monocyte. While reasonably sure of this 
criterion, since vital stains were not used, the possibility of some error 
must be admitted.) 

Differential counts in the rabbit show considerable variation, evident in our data 
as well as in those of other investigators. 
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Supralethal Intravenous Doses. Five mg. per kg. intravenously was 
fatal to rabbits in 36 to 94 hours and produced consistent effects on 
the formed elements of the blood. At 24 hours the leukocyte count 
was little affected, but most of the cells were mature granulocytes, 
while the lymphocytes were almost absent. At 4^ hours leukopenia 
was severe, with 150 to 4,200 cells per cmm. Animals surviving 72 
hours or longer had almost complete leukopenia, the occasional cells 
being mature granulocytes. An occasional normoblast or immature 


Table II 

Ejects oj 0.5 mg. per kg. of IJNs Hydrochloride Given Jr.lravenously in Rabbits 


Leukopenic period: 48-72 hours after injection (3 counts) 


Total and 
ranRc of 
rrhitc blood 
cell count 


Dlflcrcntial count 


Banded 

Segmented 

Basophih 

Lympboo*lc5 

Monocytes 

emtn. ' 

Average and range of 

3 

30 

9 

51 

(6-10) 

per cent of cells 

(0-6) 

(10-42) 

(2-16) 

(50-52) 

Total number and per 2,300 

50 

780 ’ 

IXO 

X 200 

160 

cent of cells (XjSSo** 

(0-100) 

(300- 

(60- 

(Soo- 

(150- 

3.000) 

1260) 1 

150) 

1500) 

170) 


Recoverj' period: 96-120 hours after injection (4 counts) 


Average and range of 
per cent of cells 
Total number and per 
cent of cells 


6,350 

16 

(8-32) 

30 

(iS-45) 

13 

(4-39) 

31 

(27-59) 

1,050 

2,100 

(680- 

Soo 

1850 

(4,300- 

( 345 - 

(230- 

(750- 

7,800) 

1,840) 

3.S00) 

2,400) 

2,650) 


10 

(S-14) 

500 

(175- 

S70) 


granulocyte could be found within 24 hours after injection, but no 
abnormal forms were seen thereafter. There was a slight progressive 
fall in hematocrit values. 

LD^o Doses. Three mg. per kg, was invariably fatal and 2 mg. per 
kg. permitted an occasional recovery. Up to 3 to 4 days after injection 
the course of the leukocyte and differential counts was similar to that 
seen after 5 mg. per kg., with counts falling to a level ranging from 
SO to 660 cells per cmm. In rabbits surviving this period, however, 
some recovery of the leukocytes was evident. Two rabbits receiving 
3 mg. per kg. and surviving longer than 100 hours had “toxic” pseudo- 
eosinophils,* anisocytosis, macrocytosis, and polychromasia. (One 
rabbit survived 170 hours and the leukocyte count "was 3,000 at the 
time of death.) 


- We^ refer to polymorphonuclear pseudo-eosinophils 'which contain large basophilic 
granulations of irregular size and number, or cells that are swollen and exhibit bizarre 
nuclei or inulti^gmented nuclei, or agranular ceUs with basophilic cytoplasm, as “to.xic” 

with basophilic granulations were the most 
frequent and constant form of abnormal cells present in our smears 
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At 2 mg. per kg., several rabbits survived beyond 100 hours and in 
these evidence of recovery of the leukocyte count was more striking. 
Whereas at 72 to 96 hours the average of 5 counts was 325 cells per 
cmm., at 120 hours the average of 4 counts had risen to 1,775 (1,170 
to 2,400). The differential count showed an increase in basophils. 



Text-Figure 2. Effects of i mg. per kg. of HN2 hydrochloride on the leukocyte and 
differential counts of rabbits. 


monocytes, immature granulocytes (which were occasionally vacuo- 
lated), and many “toxic” pseudo-eosinophils. Occasional mitotic figures 
were found in the circulating blood. There were varying numbers of 
poikilocytes, anisocytes, stippled cells, and normoblasts, and poly- 
chromasia was increased. 

Sublethal doses. A dose of 0.5 to i.o mg. per kg. caused a transient 
leukopenia followed by a rapid recovery of the leukocyte count. The 
effects of"! mg. per kg. were fairly consistent and are shown graph- 
ically in Text-Figure 2 and Table II. Although leukopenia was not 
as severe as after larger doses, there was failure of young regenerating 
granulocytes to appear in the circulating blood for 72 or more hours 
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after injection. The lymphocyte count decreased early but not mark- 
edly when compared to the later fall in granulocytes. The rapidity of 
the recovery of the leukocyte count was striking at these doses, in 
some cases rising from 2,000 to 15,000 overnight. The nature of the 
cells contributing to recovery are shown in Figure i, cells of abnormal 
type occurring in diminishing numbers up to 12 or 14 days after in- 
jection. There was no morphologic change in the red cells. 

Gilman, Goodman, Phillips, and Allen have described similar 
hematologic effects after intravenous, subcutaneous, or cutaneous ad- 
ministration of HN2, and noted tliat recovery from the leukopenia 
may be followed by a secondary fall in leukocyte count. They vrere 
able to maintain a leukopenic state over a period of 18 days by daily 
intravenous injections of 0.5 mg. per kg. of the hydrochloride, and a 
slow but progressive fall in the red cell count also occurred, MacLeod 
and Rhoads’ data are also in agreement, and they particularly com- 
mented on the great numbers of pseudo-eosinophilic granulocytes con- 
taining basophilic granulations which appear during the stage of 
recovery from leukopenia. Ivethley et al:'^ also induced severe leuko- 
penia by the cutaneous application of the free base at LDso doses. 

Gassing. Our hematologic data on gassed rabbits are limited, but 
demonstrate several important features. One rabbit exposed to 1,08 
mg. per liter for 10 minutes died after 54 hours. At 24 hours the 
leukoc3d:e count was 16,750; the differential count disclosed 7 per cent 
banded and 81 per cent segmented pseudo-eosinophils, 2 per cent mono- 
cytes, and 10 per cent small Ijunphocytes. At 48 hours the leukoc>’te 
count was 2,300 with only ii per cent segmented pseudo-eosinophils, 
2 per cent basophils, 80 per cent small lymphocytes, and 7 per cent 
monocytes. These changes in the leukocyte and differential counts 
parallel those seen after the parenteral administration of lethal doses 
of the HN2, and this rabbit apparently died with a considerable degree 
of systemic intoxication. 

Of 3 rabbits gassed at 0,5 mg. per liter for 10 minutes, one died at 
5 days, the second at 9 days, and the third recovered. Both dying ani- 
mals had leukopenia of about 3,000 cells per cmm. with no increase in 
immature cells at 48 hours. At 96 to 120 hours the leukocjiies were 
increasing rapidly in both animals, and large numbers of immature 
forms were evident in the smears. One rabbit, at 120 hours, had a 
count of 18,940 per cmm. with a differential count of 15 per cent 
myelocytes, 67 per cent banded “toxic” pseudo-eosinophils, 12 per 
cent monoc5^es, and 6 per cent small Ijnnphocytes. At autopsy it ap- 
peared that these animals had died of pulmonary infection. The surviv- 
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ing rabbit did not develop true leukopenia since the count ranged 
from 19,700 at 24 hours after gassing to 9,500 and 11,050 at 48 to 72 
hours, followed by recovery to 28,000 per cmm. at 96 hours. At 48 
hours granulocytes fell, but at 72 to 120 hours the count again rose 
with large numbers of immature forms present. This animal also de- 
veloped a severe respiratory infection but recovered. Apparently gas- 
sing suppressed but did not wholly inhibit granulocyte production, and 
cells of regenerative type appeared promptly in the circulating blood. 
These variable effects may reflect variations in the amount absorbed 
via this route of administration because of unpredictable variations in 
rate and volume of respiration. 

Kethley et alF"' found that gassing rabbits with approximately LC50 
of HN2 (0.7 to 0.9 mg. per liter for 10 minutes) produced marked 
leukopenia, 61 per cent'of their rabbits dying within 3 days. The ani- 
mals surviving longer than 3 days showed recovery of the leukocyte 
count, but half of them died 5 to 6 days after gassing. The cause of 
death was not discussed by the authors. Lushbaugh reported leuko- 
penia in gassed rabbits that subsequently died with pulmonary abcess- 
es and pneumonia after the hemopoietic tissue had recovered and 
leukocytosis was present. 

Other Formed Elements of the Blood. Rabbits dying of HN2 in- 
toxication do not consistently become anemic, although there has been 
a slight fall in hematocrit value in most of our animals which was no 
doubt accentuated by occasional bleeding. Kethley et al.^^ found no sig- 
nificant changes in the red blood cell count, hemoglobin, and platelet 
count of gassed rabbits, but they reported that the normal reticulocyte 
count (4 per cent) fell sharply within 2 days, and we have noted a dis- 
appearance of polychromasia. These two facts indicate that at lethal 
doses erythrocyte production is arrested. The circulating red cells 
appear unaltered and presumably are capable of living out their life 
span of 40 to 140 days; since in surviving animals recovery of the 
hemopoietic tissue occurs within less than i week, the hiatus in red 
cell formation does not generally cause a significant decrease in red 
cell count or hematocrit. 

At LD50 dosage reticulocyte formation is depressed up to 4 days, to 
be followed by the appearance of normoblasts, increased polychro- 
masia, macrocytes, anisocytosis, and poikilocytosis. 

It appears from the available data that adult cells in the blood, 
possibly excepting lymphocytes, are unaffected, the essential fault in 
intoxicated, animals being a failure of cellular replacement in the blood- 
forming organs, so that those cells having the shorter life span dis- 
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appear first. The sequence, therefore, is an early fall in lymphocytes 
and a slow fall in granulocytes and reticulocytes, but only a very 
slight decrease in red cells and hemoglobin. 

The abnormal leukocytes in the peripheral blood arc somewhat 
similar to those seen following the extreme bone marrov; stimulation 
induced by withdrawing leukocytes from the circulating blood by means 
of tlie peritoneal exudate technic.^® The occurrence of polycytes and 
macropolycytes is apparently due to an increase in the rate of matura- 
tion of the pol3^morphonuclear leukocytes, and their presence has been 
described after various drugs and extracts, x-rays, ultraviolet light, 
thyroid extract, peritoneal exudates, and infection.^' 

Following intoxication of the marrow at LDco dosage, superimposed 
infection appears to be ineffective as a bone marrow' stimulant in pre- 
venting the leukopenia from inducing early regenerative activ'ity of 
the bone marrow; we have observed an early shift to the left in only 
one of 3 rabbits gassed at a sublethal concentration. Dr. J. MacLeod 
(personal communication) has been unable to induce leukocyte-con- 
taining peritoneal exudates 24 hours after the intravenous injection of 
HN2 HCl, and similarly the leukoc3dosis-producing factor of Menkin 
given after the intoxication does not prevent the leukopenia or protect 
the bone marrow of dogs.^^ The injection of the leukocytosis-producing 
factor prior to intoxication in one dog appeared to prevent bone mar- 
row aplasia and leukopenia.®* On this basis, the presence of a pyogenic 
infection at the time of injection may be expected to modify the effect 
of HN2 on the bone marrow. A protective effect of infection on 'the 
bone marrow injury induced by benzene has been reported.®® 

Cameron and Short demonstrated an increase in sedimentation 
rate, a decrease in coagulation time, and no change in tlie red cell fra- 
gility in rabbits intoxicated by subcutaneous injection of 3 mg. per kg. 
of the free base. 

Other Species 

MacLeod and Rhoads ®* observed that dogs receiving 2 mg. per kg. 
of the hydrochloride intravenously developed lymphopenia while the 
neutrophil count did not fall markedly. At autopsy, however, the bone 
marrow was aplastic, suggesting that circulating neutrophils are longer- 
lived in the dog than in the animals reported above. Cameron and 
Foss observed leukopenia in goats following cutaneous application of 
the free base, and Irwin, Brackenbury, and Young have made similar 
observations in the monkey. The demonstration of leukopenia in 
gassed guinea-pigs, cats, and dogs has failed frequently, perhaps be- 
cause of early death from respiratory injury. In dogs under nembutal 
anesthesia with the thoracic duct cannulated, the lymph output during 
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the first 5 hours was at first increased and then decreased, while the 
l5miphocyte content of the l3rmph decreased. This circumstance re- 
sulted in a normal l3miphocyte output during this period. One, 2, and 
■3 days after intoxication, lymph flow was only one-half of normal and 
the cell count was very much less than normal. Since the decrease in 
circulating lymphocytes was greater than the decrease in output of 
lymphocytes, it was concluded that there was an increased disappear- 
ance of lymphocytes from the blood in some unexplained fashion.^*^ 
However, this conclusion should be weighed against the known short 
life of circulating lymphocytes.^^ 


Table in 


Leukocyte and Differential Counts Following 3.0 mg. per kg. of HN2 Hydrochloride 

Given Intravenously to a Hen 


Ba^^s after 
injection 

1 

t Total 

leukocyte count 

Differential counts 

' Granulocytes 

1 Agranulocytes 

! Segmented 

[ Basophils 

' Eosinophils 

Lymphocytes 

Monocytes 



per cent 

per cen^ 

per cent 

per cent 

per cent 

Control 

21,090 

71 

4 

2 

23 

0 

I 

49,600 

85 

I 

2 

6 

6 

2 

8,200 i 

6 s 

4 

8 

16 

7 

3 

6,000 

so 

6 

7 

33 

4 

4 

2,000 i 

88 

7 

3 

i 0 

2 

S 

20,550 ! 

44 

4 

3 

46 

3 

6 

24,800 

41 

5 

3 

48 

3 

8 

25,000 

49 ‘ 

3 

5 

40 

3 


In the dog there is a suggestion that the fall in the granulocytes is 
slower. Animals given 2 mg, per kg. intravenously died at a time when 
the granulocyte count was relatively high, although there was almost 
complete depletion of myeloid tissue at death. This circumstance was 
attributed to the longer life cycle of the canine granulocyte.®^ This 
delayed granulocytopenia seems confirmed in dogs receiving i mg. per 
kg. intravenously,^ but in dogs given i, 2, and 3 mg. per kg, subcu- 
taneously it is stated that granuloc5rtopenia appears pari passu with 
bone marrow injury and that the granulocyte counts reached low levels 
in 3 days.^® 

Leukopenia has been induced in chickens by sublethal doses of 
the hydrochloride ranging from 3 to 10 mg. per kg. intravenously. The 
leukocyte and differential counts on 2 hens receiving 3.0 and 7.5 mg. 
per kg. are tabulated in Tables III and IV. That these effects were not 
due to the moderate weight loss suffered by these animals was shown 
by a control bird that was starved for 6 days without the development 
of leukopenia. Similar leukotoxic action was observed after injection of 
H into chickens. 
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In mice surviving the culmination of hemopoietic injury, regenera- 
tion is delayed for several more days. Mcanv/hilc, hemopoietic centers 
in other organs, notably the liver, show marked evidence of stimulation, 
so that even in animals dying between the fourth and seventh days some 
restoration of the leukocyte count may occur prior to death. In surviv- 

Tm.T. IV 


Leukocyte and Differential CoinUs Folloivhifi 7.5 per kg, 0} Hydrochloride 

Given Intravcnoudy to a Urn 


Days 

after 

injection 

Total 

leukocyte count 

DifTcrentisI counts 

Cranulocytr't 

Arrant 

il/cytfs 

Ilanflcd 

Seg:mcntctJ 

phili 

Eosin- 

ophils 

j Lymphocytes 

Monoeytea 



per cent 

per cent 

J.. -r .,r.j 

Per cent 

per ce n! 

ttr ar.i 1 

per cent 

Control 

32,650 


39 

9 

2 

40 

X 

I 

23,600 


96 


0 

i t. 

X 

2 

1,550* 


44 

9 


\ 34 

0 

3 

2,000* 

25 t 

6 


0 

1 44 

6 

4 

5,100* 

20t 

0 

5 

5 

1 35 

35 

5 

8,300 

j 

0 


5 

55 

9 

6 

14,500 

2 

12 

6 

7 

6S 

5 

7 

15,850 

7 

J 9 1 

4 

4 

65 

X 

8 

ir,ooo 


10 

4 

4 

47 

34 

II 

42,000 


43 

n \ 

1 

55 

I 

19 

21,300 


52 

11 

j 

xo 

2 X 

6 


* Too few cells in the smear to permit a satisfactory differential count, and the fiKures 
presented are only approximate. 

t Immature cells of the myeloid series not ordinarily seen in the circulating blood. 


ing animals the l^onphocytes appear to recover before the granuIoc3des. 
Histologically, marked hyperplasia in the thymus and IjTOph nodes 
parallels this recovery. Granulocytic recovery is spectacular in the 
blood, the white blood cell count rising from leukopenic to normal, 
or even supra-normal levels, almost overnight. This phenomenon ap- 
pears to be related to the outpouring of immature granulocytes, and 
regenerative activity may persist for 2 to 3 weeks. In mice, a spedes 
particularly sensitive to overstimulation of the leukopoietic tissue, 
hyperplastic foci having the dimensions and intensity of a leukemoid 
reaction have been observed after an interval of from 3 to 4 weeks. 

BLOOD STUDIES AFTER H 

A reduction in the number of white cells as well as various biochemi- 
cal changes in the blood follow parenteral injection or cutaneous appli- 
cation of LD50 or greater doses of H. Blood platelets are markedly 
decreased only in severely intoxicated animals.^" In the early phase 
the red blood cells apparently are little affected. The reduction in white 
blood cells involves both granulocytes and lymphocytes; the granule- 
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cytes usually are somewhat more sensitive. Leukopenia may be pre- 
ceded by a nonspecific(?) leukocytosis lasting a day or more.^® In 
animals gassed with H, leukocytosis, leukopenia, and lymphopenia may 
or may not occur, probably reflecting variations in actual dosage in- 
haled. 

Hemoconcentration indicated by increased red blood cell count, per- 
centage of hemoglobin, and hematocrit value may rapidly follow in- 
toxication. This has been observed in various species after parenteral, 
topical, and vapor intoxication.^^ 

In surviving animals at a time when the leukocyte count may be 
returning to normal or above, a progressive anemia may occur with no 
alteration of the reticulo-endothelial system.^® In rabbits and dogs this 
anemia frequently resembles the idiopathic or benzol t3q)e. The hema- 
tocrit reading, percentage of hemoglobin, and red blood cell counts de- 
crease with no change in the color index, mean corpuscular volume, or 
diameter as measured by the Price-Jones method. Thus it appears that 
the marrow produces fewer red cells for a time, and that in some in- 
stances the cells are immature. The delayed anemia may reflect an ini- 
tial injury of the erythroblastic tissue which, because of the longer life 
of the red blood cells, is not evident during the first few days of intoxi- 
cation. Intestinal hemorrhage also may contribute to the anemia. 

HISTOPATHOLOGIC SYSTEMIC EFFECTS 

Bone Marrow 

One of the most specific features of HN2 or H intoxication thus far 
encountered is the depletion of the bone marrow, also described by 
Zimmerman,® Cameron and Short,^^ Lushbaugh,^®’^® and Warren, Mac- 
Leod, and Rhoads.^^ Sternal and femoral marrow have been examined 
regularly by us, except in a few instances in which we were limited to 
the cranial or vertebral marrow, but we have seen no differences in 
marrow chosen from different sites. Obvious bone marrow depletion 
does not occur for 24 to 48 hours, irrespective of the dosage, but rats 
and rabbits receiving lethal doses showed degenerative cellular changes 
when studied 8 to 30 hours after injection. These changes consist of 
swelling and dissolution of hemopoietic cells, alterations in their stain- 
ing reactions, and the presence of enlarged vesicular nuclei and some 
scattered debris. Mitotic figures can be seen up to 8 hours and are 
usually absent thereafter until recovery. Agglomerated masses of 
eosinophilic granules without nuclei may be observed early. In other 
cells the nuclei are also absent, but scattered throughout the cells are 
numerous dark-staining chromatin particles suggesting disruption of 
the nuclei. Suggestive alterations are seen in the megakaryocytes, 
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consisting of bizarre swellings, but the reticular elements remain un- 
changed. Warren and Rhoads have found the injured cells to be very 
friable, and easily damaged when smeared. 

Following this period and varying to some extent with dosage and 
possibly witli the route of administration, depletion of the marrow pro- 
gresses rapidly to almost complete aplasia in 40 to 90 hours (Figs. 2 
and 3). All hematopoietic cells disappear and there is neither .shift to 
the right or left, nor loss or accumulation of specific types. The cells 
remaining in the marrow are those lining the blood vessels, some reticu- 
lar cells, fibrocytes, rare macrophages, fat cells, and possibly primitive 
erythrogenic elements (hemocytoblasts "®) . There is a tendency for 
endosteal stem cells to persist, as Dr. C. E. Dunlap (personal com- 
munication) has observed in mice injured by x-rays. The megakaryo- 
C5d;es are conspicuous for their bizarre, pyknotic nuclei, and for their 
persistence in a marrow depleted of its hemopoietic tissue. Chromatin 
debris is sometimes seen in earlier periods, but it is usually scanty or 
absent. The marrow is replaced by a loose spongy mass of acidophilic 
tissue with protein precipitate, fat cells, and dilated sinusoids engorged 
with erythrocytes. 

With large doses animals may die before marrow depletion is com- 
plete, but in delayed deatlis, as seen in mice, rats, and rabbits at LD^o? 
the bone marrow is invariably h5TDoplastic and usually aplastic at 
death. This appears to be true also in dogs.^® Irwin, Brackenbury, 
and Young,^® however, have described only slight degenerative changes 
in the marrow of monkeys receiving fatal dermal applications of the 
free base, although the animals became leukopenic. Typical depletion 
of the marrow follows gassing of mice and rats at LC50. 

Animals escaping delayed deaths begin to show regenerative acti\dty 
throughout the depleted marrow in 4 to 5 days after injection. There 
is a marked shift to the left as the new stem cells appear and mitotic 
activity becomes evident. During recovery the marrow of rabbits fails 
to show the normal pseudo-eosinophilia of the granulocytes and Warren 
and Rhoads have described abnormal vacuolated cells. These 
changes may be correlated with the immature cells and “toxic pseudo- 
eosinophils” described in the circulating blood during the recover^’- 
phase. Death may occur when the bone marrow is partially or com- 
pletely regenerated, but it is our impression that these remote deaths 
are not due to direct action of HN2. 

Lymphoid Tissue 

Involution of the lymphoid tissue is one of the earliest and most 
striking pathologic effects of both the N and S mustards. The rapidity 
of this involution was quantitatively determined in rats receiving 3 mg. 
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per kg. (i.6 LD50) of HN2 HCl subcutaneously and sacrificed by ex- 
sanguination 24, 48, and 72 hours after injection. The weights of the 
spleens, thymuses, and lymph nodes are shown in Table V. Micro- 
scopic observations on these organs were made chiefly in mice and rats, 
with less complete but analogous observations in rabbits. 


Table V 

Average and Range in Weights of Lymphatic Organs in Rats Intoxicated with HNs 


Hours after 
injection 

No. 

rats 

Average body 
weight at death 

Spleen 

1 

Thymus 

Cervical 
lymph nodes 

Controls 

8 

gtrt. 

178 (169-192) 

mg. 

865 (600-1260) 
541 ( 37 S' 8 o 4 ) 

mg. 

155 (110-206) 

mg. 

73 (45-100) 

24 hours 

5 

172 (164-184) 

102 (73-139) 

55 (53-56) 

48 hours 

4 

163 (150-178) 

446 (337-536) 

79 (61-100) 

49 (34-70) 

72 hours 

1 

8 

162 (150-185) 

233 (168-285) 

39 (33-61) 

23 (15-30) 


Lymph Nodes 

The Ijrniph nodes, as in the case of the thymus, show a variable de- 
gree of l3miphocytic fragmentation, large doses producing intense frag- 
mentation visible in 10 to 48 hours, while small doses cause milder ef- 
fects. All animals, even at LDso, show loss of follicles and general con- 
traction of the lymph nodes, and on microscopic examination these 
nodes are seen to be composed of epithelioid cells * and condensed 
reticular and fibrous elements, with almost complete absence of 
l5rmphocytes. As in the case of the spleen and thymus, there is no in- 
terference with the mobilization of macrophages and epithelioid cells. 
Lymph nodes examined up to 3 weeks after intoxication do not show 
any evidence of hemopoiesis, although lymphocytic hyperplasia was 
present. 

Spleen 

This organ likewise exhibits changes which are roughly proportional 
to dosage. Dosage in excess of LD50 given by any route leads to prompt 
fragmentation of lymphocytes in the malpighian corpuscles and to a 
lesser extent in the interstitial tissue of the so-called red pulp (this is 
best seen in mice), similar to that seen in the lymph nodes and thjmus. 
With time, much chromatin material is found within macrophages in all 
parts of the spleen. The progressive reduction in the size of the spleen 
(Fig. 4) results from the disappearance of lymphocytes with atrophy 
of the corpuscles and loss of cells from the interstitial tissue of the sinus 
walls. In mice, after smaller doses, megakaryocytes, which are notable 
in the normal spleen, may increase in number. These often show 
bizarre, enlarged, pyknotic nuclei, and monolobulated forms are more 

* Designated as epithelioid cells because they are large, contain abundant eosinophilic 
cytoplasm, and appear pavement-like; these cells closely resemble macrophages and may 
be the same cells, differing only in the absence of readily discernible phagocytized material. 
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common than multilobulated cells. At 48 hours the disappearance of 
lymphocytes from the corpuscles and from the red pulp gives tlie organ 
a somewhat fibrous appearance. At the periphery of the malpighian 
corpuscles epithelioid cells or fibroblasts are seen, and occasionally 
small foci composed of similar cells may be found apart from the cor- 
puscles. 

During the first 2 days of intoxication, intact polymorphonuclear leu- 
kocytes or banded forms, and occasionally eosinophilic myelocytes, 
may be seen in a spleen in which the lymphocytes have undergone in- 
tense fragmentation or sharp reduction in number. The ultimate stage 
in the regression of the spleen is reached at 70 to 100 hours, at which 
time the neutrophils also have disappeared. Necrotic changes in the 
corpuscles may no longer be visible, although nuclear debris ma\’’ still 
be found in occasional macrophages. In some animals a small number 
of lymphocytes may persist, but tlie malpighian corpuscles are com- 
posed largely of reticular cells. 

At LDjio doses or less, the spleen may appear fairly normal in the 
first 48 hours, except for a variable increase in megakaryocytes, but 
thereafter it undergoes progressive contraction. Polymorphonuclear 
leukocytes are progressively reduced in number from about 40 hours 
onward until recovery begins. How this is accomplished is not clear, 
for no increase in chromatin debris is visible. After 5 or 6 days the ani- 
mals that have survived at LDco frequently show excessive myelopoie- 
sis; the corpuscles thereafter enlarge, and contain a rich mixture of 
l3nnphocytes with reticular cells, although the former are overwhelm- 
ingly preponderant. In the red pulp, clusters or cords of primitive 
hemopoietic cells reappear and pol3miorphonuclear leukocjdes are 
found in large numbers around these areas. Plasma cells are usually 
conspicuous in these foci. There is little evidence of hemolysis, as indi- 
cated by storage of hemosiderin in the macrophages, and when present 
there is a question whether this pigment represents coincident or ante- 
cedent hemolysis. 

Thymus 

Doses considerably in excess of LDco regularly produce marked 
thymic necrosis which is best seen from 12 to 48 hours after adminis- 
tration. At LD50 or less, the thymic effects are more gradual in their 
evolution, especially in rats and rabbits as compared to mice, but the 
organ contracts (Fig, 5) with more or less complete replacement of the 
cortex by reticular or epithelioid cells. After gassing or oral administra- 
tion, in the range of LD50, the effects on the thymus are less striking 
than after parenteral administration, and usually consist of moderate 
atrophy with little lymphocytic fragmentation. 
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The lymphocytic fragmentation observed after large doses generally 
occurs by karyorrhexis; karyolysis or fading out of the nuclear struc- 
ture has been less frequently observed, and is most evident in animals 
that do not show much karyorrhexis. Lymphocytic fragmentation pro- 
gresses to an advanced stage within 24 hours. The nuclear debris is 
usually free in early stages, but macrophages appear later and most of 
the material is finally engulfed within the macrophages or disposed of 
by other means. 

When the thymus undergoes involution, the cortex shrinks somewhat 
more rapidly than the medulla, and during the period of cortical con- 
traction the l3miphoc3d;es may appear more numerous in the medulla 
than in the cortex, thus tending to reverse the normal pattern. In sur- 
viving animals this reversal may be corrected, the cortex reassuming its 
normal l3miphocytic appearance, while the medulla becomes conspicu- 
ous for its reticular cells and epithelial elements. The profoundly in- 
voluted thymus, found 72 to 96 hours after LDqo, is small, fibrous, and 
stringy in appearance, while in other animals surviving LD50 or slightly 
less, the thymus may exhibit h3q)erplastic changes at 90 hours or later, 
and in many animals examined after i week the organ appears to have 
undergone an increase in size. 

Changes similar to those observed by us in the l3miphatic tissues have 
been recorded by Zimmerman,® Cameron and Short,®^ Lushbaugh,^® 
and Irwin, Brackenbury, and Young.®® The early and graded injury of 
lymphopoietic tissue, and its rapid recovery after LDso; is correlated 
with changes in the number of circulating lymphocytes. Lymphopenia 
occurs precipitously during the first 24 hours and may become extreme 
if intoxication is fatal. At lower doses the count may show a plateau 
after 24 hours and begin to rise on the fourth to fifth day. There is no 
correlation between l3Tnphopenia and the ensuing granulopenia, in that 
at low doses l3nnphocytes show an immediate moderate but reversible 
fall, while on the third to fourth days a severe granulopenia may ap- 
pear. Also, lymphocytes, although affected earlier, are not necessarily 
more sensitive than the bone marrow cells as far as the ultimate 
severity or duration of effect is concerned. 

, Intestinal Tract 

Clinical disturbances and gross alterations in the intestinal tract of 
intoxicated mice, rats, and rabbits, and histologic preparations of 
rolled-up segments of the entire intestines in serially sacrificed mice, 
rats, and rabbits receiving i to 2 LD50 doses demonstrate consistently 
the presence of extensive intestinal injury. The lesion starts just below 
the pylorus and extends the entire length of the small intestine, with the 
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ileum most severely involved. The stomach and Brunner’s glands ap- 
pear unaffected, but microscopic focal epithelial Ic.sions may be found 
in the first part of the colon. 

The early process is degenerative and inflammatory (Fig. 6-d), in- 
volving most of the mucosa, with epithelial injury and erosion being 
marked. Within 24 to 48 hours after injection the villi become edema- 
tous and the lining cells appear swollen and may be distended with clear 
vacuoles, leading finally to cellular rupture and de.squamation. The 
mucosa may show edema and fibrin bencalli the lamina propria, h>'per- 
emia, dilation of the lymphatics, and a variable inflammatory reaction 
consisting largely of polymorphonuclear leukocytes and co.sinophiIs. 
Necrotizing changes in the interstitial cells, including the lymphocytes, 
are not conspicuous. Rats given trypan blue intravenously or intraperi- 
toneally exhibit selective deposition in tlie mucosa of the small intestine 
after 48 hours. 

At 72 to 96 hours, when the lesion is most severe, a mixture of exten- 
sive injury, metaplasia, and regenerative activity of the epithelium is 
seen (Figs. 6-c and 6-d). The crypts of Lieberkiihn appear as cyst-like 
spaces lined by flat, elongated cells, and occasionally contain an accu- 
mulation of polymorphonuclear leukocytes, nuclear debris, and desqua- 
mated cells. In other areas the crjq)ts may be lined by hjqjertrophic, 
hyperchromatic cells. The mucosal surface may be denuded, or show 
patchy areas of metaplasia, or epithelial hypertrophy and hyperplasia 
with vesicular swelling of the nuclei. The regenerating cells are flat- 
tened and occasionally show surface spines. They usually contain 
hyperchromatic nuclei composed of large chromatin masses. Mitotic 
figures are common. Goblet cells show increased mucus formation, es- 
pecially in the colon. The maximal epithelial alterations and sloughing 
coincide in time with the development of fluid distention and mucous 
diarrhea. In later stages a slight fibrous reaction may lead to deposits 
of connective tissue in the villi which tend to become shorter, broader, 
and stubby. Rats show these intestinal changes more strikingly, but 
they are also apparent in mice and rabbits. 

The significance of the functional and pathologic changes in the 
intestinal tract in relation to death of the animals, whether by loss of 
fluid and alkali, by increased permeability of the intestinal wall to in- 
jurious substances, or by the lowering of the local defense mechanism 
against the invasion of bacteria, raises problems treated elsewhere.^ 

Respiratory System 

Animals receiving 1 to 3 LDpo parenterally do not show any consist- 
ent or severe injury to the upper or lower respiratory tract. Guinea- 
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pigs receiving large doses subcutaneously are reported to develop pul- 
monary edema, but not after intraperitoneal injection.^^ Cameron and 
Foss have described, in goats, edema and congestion of the lungs, 
and gross congestion and hemorrhages in the trachea and larynx after 
subcutaneous injection of large doses. Pulmonary edema has been seen 
occasionally by us in rats receiving the hydrochloride intravenously, 
especially in those subjected to an abdominal operative procedure at the 
time of injection, but the phenomenon has not been examined in detail. 

Circulatory System 

Animals injected parenterally do not show any consistent injury to 
the heart or blood vessels. 

Excretory System 

None of our animals has shown any specific injury to the kidneys or 
urinary bladder. Lushbaugh has found infiltration and parenchyma- 
tous degeneration, e.g., nuclear fading, pyknosis, and cytoplasmic 
sloughing, in the proximal and distal convoluted and collecting renal 
tubules, especially in mice and rats, but such changes as we have seen 
do not exceed those observed in fasted nonintoxicated animals. 

Reproductive System 

Some sections of mouse testes have suggested maturation arrest in 
spermatogenesis, but to evaluate injury to the generative organs, better 
controlled stock than we possessed at the time of observation is re- 
quired. The picture is complicated by the severe weight loss, which is 
known to diminish pituitary activity.^^ We have noted that following 
an LDco of the hydrochloride, surviving female mice do not become 
sterile, and that chickens can resume laying eggs. 

Endocrine System 

The pituitary gland was not studied. The thyroid and pancreas are 
not affected, but in the rat the adrenals are increased 6o per cent in 
weight and cortical hypertrophy and depletion of lipid are noted. The 
adrenal hypertrophy may be comparable to that described by Selye 
in rats subjected to a variety of noxious stimuli. 

Liver 

No impressive changes have been seen in the livers of any of the 
species studied. Glycogen depletion is fairly common, especially in 
animals receiving large doses, and slight fatty infiltration is noted 3 to 
4 days after injection, especially in mice. Even after oral administra- 
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tion (when lethal closes are absorbed partly into the hepatic-porlal 
system to be routed directly into the liver), or after intrasplenic in- 
jection (when the material is circulated directly through the liver) 
there is no obvious injury of the liver parenchyma. Zimmerman,® how- 
ever, reported focal necroses in the livens of cals but not rats after the 
oral administration of the hydrochloride. 

Lushbaugh also has described fatty infiltration in the mouse liver 
4 to 6 days after gassing. This increased fat may be attributable to 
progressive anorexia and fasting, since Hodge cl at. have shown in 
fasted mice that the total liver lipid increases to 2 to 5-fold in the first 
day and decreases to normal on the third to fourth days; coincidentally, 
however, the liver rapidly decreases in size, so that the percentage of 
fat in the liver is usually above normal. We have observed also an in- 
crease in histologically demonstrable fat in the livers of starved control 
mice. 

COMPARISON EFFECTS OF H 

For producing visible sj^stemic injur}’' in rats, H is superior at LD50 
doses to the 3 -chloroethyl vesicants (HNi, HN2, and HN3), when 
administered intravenously or subcutaneously. In a comparative stud}' 
of the delayed systemic action of H, HNi, HN2, and HN3, rats were 
exposed to these compounds via cutaneous application, gassing, intra- 
venous and subcutaneous injection at dosage in the range of tlie LD50 
or LC50, and about 0.5 LD^o or 0.5 LCno. Weight loss, leukopenia, 
lymphoid atrophy, myeloid changes, and enteritis were measured or 
sought in each animal. Almost all were sacrificed at 72 or 96 hours 
after exposure to, or administration of, the agents; a few were included 
at 48 and 120 hours after exposure. Wide variations occur between 
the intravenous and subcutaneous routes when compared with the 
effects following cutaneous application or gassing. Text-Figure 3 shows 
the intensity of total systemic injury and of the individual lesions fol- 
lowing the levels of dosage used. After gassing and percutaneous ap- 
plication, the systemic effects of HN compounds, at both levels of 
dosage, were more severe than after H, with the single exception that 
HNi was less myelotoxic than the other three compounds. On the 
basis of dosage required, HN3 was the most efficient in producing de- 
layed systemic effects. Intravenous and subcutaneous injection of H 
(in propylene glycol) reverses the relationship to the HN compounds; 
at the LD0O dosage it was most consistent and toxic in its action, judg- 
ing by the loss of weight, leukopenia, extent of lymphoid atrophy, bone 
marrow injury, and enteritis. HN3 was again the most efficient of the 
nitrogen mustards; HNi was the least leukotoxic at the dosage em- 
ployed. At the sub-LDoo or sub-LCso dosage these differences among 
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the compounds were maintained with all routes of administration but 
were not so striking. 

COMPLICATIONS AND VARIATIONS IN INTOXICATED ANIMALS 

Some of the unusual effects and complications observed after ad- 
ministration of the HN2 are worthy of record. These include occur- 
rence of reactivated or superimposed infection and its relation to re- 
mote deaths, the appearance of extramedullary myeloid metaplasia in 
mice during recovery, and a hemol3rtic episode in a single rabbit. 

Injection 

The frequent presence of obvious infection (which must heighten 
our suspicions as to the existence of occult infection) has been alluded 
to several times. In those occasional deaths occurring 7 days or longer 
after the parenteral injection of the hydrochloride (“remote deaths”) it 
is necessary to rule out infection before a direct but remote toxic action 
can be considered. Early in our work such remote deaths were rare in 
mice, but about 2 months later mouse “typhoid” appeared in our 
colony, following which the number of remote deaths in intoxicated 
animals increased sharply. In many instances multiple necroses of the 
liver were present in these animals. Unfortunately, bacteriologic ex- 
amination could not be made at the time. 

Complete pathologic studies were available in a few rabbits dying 4 
days or longer after intravenous injection, at which time their leuko- 
cyte counts showed recovery. The pathologic diagnoses included pneu- 
monia with septicemia, infected thrombi and abscesses in the lungs, 
heart, liver, kidneys, and gonads, necrotizing bronchopneumonia, and 
reactivation of coccidiosis in the intestine. The last is a pathologic 
rarity, but is described also after exposure of rabbits to x-rays and 
mustard (h).'^ 

It is not surprising to find secondary infection much more commonly 
following gassing, since the combination of severe local respiratory in- 
jury, systemic intoxication, and leukopenia present circumstances fav- 
orable to the development and spread of infection. Such infections are 
usually in the respiratory tract, and are particularly common in rab- 
bits as compared to mice and rats. 

All remote deaths, however, need not be attributed to infection alone. 
The marked weight loss, well within the range of fatal v.-eight loss due 
to simple starvation, suggests that starvation may be an important and 
perhaps decisive factor in some cases. It is not clear whether starva- 
tion is due to debility produced by the primary intoxication which 
prevents the animal from eating, to changes in the endocrine and nerv- 
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ous systems, or digestive tract, or to undetected infection vdiich adds 
to and complicates other debilitating factors. 

Extramedullary Myeloid Metaplasia 

Mice surviving LDno doses show active hemopoiesis in Uic liver and 
spleen, this process sometimes assuming the intensity of a leukemoid 
reaction, and being markedly developed at i month. We have not 
followed our surviving mice beyond i month in systematic pathologic 
studies, but some mice surviving an LDm dose administered subcu- 
taneously were sacrificed after i to 5 months and showed variable de- 
grees of extramedullary myelopoiesis. In some animals regression had 
occurred. Rabbits surviving longer than 7 days after the injection of 
the hydrochloride have shown evidence of active hemopoiesis in the 
spleen. 

Similar extramedullary hemopoiesis, presumably of a compensatory 
nature, has been described in mice and rabbits after a wide variety of 
procedures, including repeated bleeding, the injection of various poi- 
sons such as saponin, pyrogallol, phenylhydrazine, and benzol, and the 
injection of live or dead bacteria.^® It is unlikely, therefore, that the 
appearance of myeloid metaplasia after HNz represents a specific 
effect, or that it necessarily presages the possible later development 
of leukemia. 

Hemolytic Episode 

Of a large group, a single rabbit receiving 2 mg. per kg. of HN2 
hydrochloride developed hemolytic anemia, as evidenced by a marked 
fall in the hematocrit value and red cell counts and an icteric plasma. 
Death occurred with bronchopneumonia 9 days after injection. This 
recalls isolated hemol3d;ic episodes associated with various drugs, e.g., 
sulfonamide compounds. 


SPECIES DIFFERENCES 

While the data are not numerous, all mammals studied appear to 
possess about the same general degree of susceptibility to the parenteral 
administration of HN2. The gassing LCoo for different species spreads 
over a wider range, but this may be accounted for in part by the greater 
susceptibility of the respiratory tract in large animals, variations in 
respiratory pattern, and differences in local fixation and absorption. 
The rat appears to be the least resistant. It is only 70 per cent as re- 
sistant as the mouse by any route of administration including gassing. 

Newborn rats possess no special resistance to subcutaneous injections 
of HN2. 

Chickens and pigeons possess considerable resistance to the in- 
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travenous injection of the hydrochloride. The LC^o in chickens is about 
10 mg. per kg. At this dose chickens may show some weakness and 
moderate weight loss which is slowly recovered, or more severe weak- 
ness with incoordination which usually ends fatally within a few hours. 
The picture of delayed death which has been described in mammals is 
not found in the chicken. Pigeons also may survive 10 mg. per kg. 
intravenously, but neurologic symptoms are more marked, weight loss 
is considerable, and the birds may die several weeks after injection. 
The LDso is less than 10 mg. per kg. in pigeons. The resistance of 
chickens is the more notable since severe leukopenia occurs after doses 
of 3 to 10 mg. per kg. intravenously. , At none of the tested doses did 
diarrhea or enteritis appear. A similar degree of resistance was not 
found in a single experiment using H in chickens, but the cause of 
death was not determined in this experiment nor were post-mortem 
studies included. 

A COMPARISON OF THE EFFECTS OF BENZENE AND RADIATION 

VHTH THOSE OF HN2 

Since HN2 appears to be highly injurious to the bone marrow, it is 
of interest to compare its effects with those of two well known leuko- 
penic agents, benzene and radiation (x-ray, radium, and neutrons) . 

Benzene 

A single lethal dose will produce an early death, with neurologic or 
hemorrhagic manifestations, but without leukopenia, while a single 
sub-lethal dose may cause a transient stimulation of the bone marrow. 
However, repeated doses of i to 2 cc. per kg. daily subcutaneously 
produce a progressive leukopenia which may approach an almost com- 
plete absence of leukocytes in 4 to 10 days.^®'°‘’ Simultaneously, the 
lymphoid tissue shows fragmentation and involution, followed by 
aplasia of the bone marrow. The marrow injury consists of visible 
pyknosis and fragmentation of all hemopoietic cells. If the injections 
are continued after severe leukopenia is present, the animals will die. 
The cause of death is not clear, although it is known that infection 
plays an important role. If benzene is stopped when the leukopenia is 
severe, recovery may be rapid, and ordinarily there are no obvious 
sequelae. Aside from an inconstant weight loss, no notable symptoms 
are present, even during the leukopenia. At autopsy, the atrophic 
lymphatic tissue and marrow, and occasional degenerative changes in 
the kidneys and liver are the only evident lesions, the intestinal tract 
being normal. The leukopenia prevents the phagocytosis of invading 
bacteria and, since antibody formation is also diminished,*^* benzene- 



32 


GRAEF, KARNOrSKY, JAGER, KRICHESKY, AND SMITH 

treated animals are markedly susceptible to infection ” With the ex- 
ception of the presence of leukopenia, lymphoid and bone marrow in- 
jury, benzene poisoning is thus seen to differ in many respects from 
HNz intoxication. 

Radiation 

The destructive action and the extensive and prolonged alterations 
induced in tissues by the direct application of x-rays are well-knovm, 
and recently have been the subject of a series of reviews by Warren 
and his colleagues.'^'* Animals exposed to sufficiently large doses of 
“total body” radiations survive 4 to 7 days, and then succumb to “gen- 
eral intoxication.” Although variation exists among species, the 
following generalizations may be made: There is a short latent period 
following which anorexia, progressive weight loss, diarrhea, and extreme 
prostration lead to death. Ljunphocytes and then granulocytes disap- 
pear from the circulating blood within 3 to 4 days, but anemia develops 
slowly. No biochemical changes in the blood incompatible with life 
have been found,*** although generally there is evidence of an increase 
in protein catabolism.**® At autopsy the lymphatic organs are atrophic, 
the intestines may be ulcerated, hemorrhagic, and distended, and the 
bone marrow is aplastic. Histologically, the Ijnnphatic tissue appears 
to be most sensitive, and early necrosis and fragmentation of the 
l3miphocytes and involution of the spleen and thymus are found. The 
marrow shows early damage by loss of staining properties and lysis, or 
by pyknosis and fragmentation of nuclei, but aplasia is not complete for 
2 to 3 days. Extensive ulcerations and epithelial changes occur in the 
intestine. These effects are due to the direct action of the x-rays,®*’®® 
although trauma and secondary infection may be contributing factors 
for the intestinal lesions.®* Remote deaths following x-ray irradiation 
are often related to infection, which may be in part attributed to leuko- 
penia and diminished antibody formation and in part to the dissolu- 
tion of the epithelial defense barrier represented by the intestinal mu- 
cosa, which is extensively or completely destroyed.®* 

Lawrence and Tennant®® have reported a study of the effects of 
x-rays and neutrons on mice, which furnishes an interesting parallel to 
our observations on HN2 intoxication. Large doses induced death in 
4 to 7 days, but at smaller doses deaths occurred up to 49 days. Fe- 
males recovering were sterile, while males showed temporary sterility. 
Mice autopsied before 7 days showed lymphatic and bone marrow in- 
jury, and characteristic intestinal lesions, whereas animals dying after 
this period suffered continued weight loss, but at death various stages 
of bone marrow recovery were found. Blood cultures of mice dying 
before 4 days were sterile, but between 4 to 7 days they were occa- 
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sionally positive. Cultures obtained from mice d3dng after this period 
always contained bacteria, whereas they were sterile in sacrificed re- 
covering mice. Lawrence and Tennant concluded that death follow- 
ing large doses of x-rays or neutrons is not due to infection but is re- 
lated to “marked destructive changes in the various viscera mentioned 
above, giving rise to a toxemia from tissue breakdown products.” As 
the dose is decreased, mice live longer, bacterial invasion is more likely, 
and infection comes to play a more important role. Chrom believed 
that x-rayed mice die through a combination of intoxication, injury 
to the reticulo-endothelial system, and absence of defense against bac- 
teria, so that finally fatal bacterial invasion occurs. Of interest in this 
connection is the demonstration by Osgood that x-rays do not cause 
immediate cell death in cultures of bone marrow but interfere with 
mitotic activity, and the demonstration by Warren and Whipple ^ that 
chickens and pigeons are relatively resistant to radiation. 

In general, then, lethal doses of x-ray appear to produce an extra- 
ordinarily close parallel to HN2 intoxication, but this parallelism for 
the moment can be regarded only as superficial, since in neither case 
has the fundamental mode of injury or the ultimate cause of death been 
determined. 

Summary and Conclusions 

r. The nitrogen and sulfur mustards are readily absorbed from the 
skin and mucosal surfaces, inducing injury to the lymphatic tissue, 
spleen, bone marrow, and the epithelium of the small intestine, and 
delayed death 3 to 6 days later, 

2. The sequence of events at LDgo doses consists of a relatively 
asymptomatic latent period of i to 2 days. During this time lymphatic 
injury is abrupt, the thymus, spleen, and lymph nodes involute rapidly, 
showing karyorrhexis, some karyolysis of the lymphocytes and deple- 
tion of these cells, phagocytosis of the debris, and a persistence and 
proliferation of epithelioid cells; at the same time there is a rapid reduc- 
tion of the l5rmphoc3^e count in the peripheral blood. The hemopoietic 
cells of the bone marrow show injury, evidenced by changes in the 
staining reaction, vesiculation and fragmentation of nuclei, karyolysis, 
and nuclear alterations in the megakaryoc5d;es. The epithelium of the 
small intestine shows vacuolization and nuclear swelling. 

3. Following this period, anorexia, weight loss, and mucoid diarrhea 
ensue, and finally prostration and death occur in 72 to 144 hours. Dur- 
ing this time lymphatic atrophy persists. The hemopoietic cells of the 
marrow disappear uniformly and the marrow becomes aplastic, 
consisting of dilated sinusoids, fat cells, and protein-rich fluid with 
a scattering of surviving cells, including megakaryocytes, reticular 
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and endosteal cells. The peripheral blood is severely leukopenic, due 
to a progressive fall in granulocytes. The red count falls slightly, but 
reticulocytes disappear, and it is evident tliat the production of hemo- 
poietic cells has ceased. The small intestine is distended with fluid; 
and gastric stasis, possibly attributable to pyloric spasm, is consistently 
present in small animals. From the pylorus to the cecum the small in- 
testine shows inflammatory and degenerative changes, with h>T>eremia, 
edema of tlie villi, sloughing of the epithelium, and metaplastic changes 
in the persisting and regenerating epithelium. Significant pathologic 
changes have not been observed in other tissues. The cause of tliese 
delayed deaths has not been determined. 

4. Animals surviving LDr,o doses gradually recover weight and show 
restoration of bone marrow and lymphoid tissue and a return of leuko- 
cytes in the peripheral blood. The lymphocytes return rapidly, the 
granulocytes more slowly; and, as seen in tlie rabbit, recovery is charac- 
terized by a shift to the left, with the appearance of pseudo-eosinophilic 
polymorphonuclear leukocytes containing basophilic granulations, 
macropolycytes, agranular polycytes, basophils, and occasional abnor- 
mal red cells. The diarrhea subsides, and the intestinal epithelium is 
restored to normal. 

5. Other animals show similar restoration of tlie bone marrow and 
leukocyte count, but continue to lose weight, with or without obvious 
secondary infection, and die at a remote period. These deaths do not 
appear to be directly related to the primary effects of IIN2. 

6. Large doses parenterally induce rapidly appearing neurologic 
symptoms: convulsions, depression, incoordination, irritability, trem- 
ors, weakness, dyspnea, and paras3mipathomimetic activity. Death oc- 
curs in I to 40 hours, varying with dosage. 

7. In mice, rats, and rabbits gassed at LC50 concentrations most of 
the vapor is removed in the upper respiratory tract and a considerable 
portion is absorbed to induce systemic intoxication, as e\adenced by 
the usual hematologic and morphologic changes, and the occurrence 
of delayed deaths. Upper respiratory injury is severe and prolonged, 
and random deaths with continued weight loss and respiratory infec- 
tion may occur at long periods after gassing. Large animals (dogs, 
cats, goats) suffer more severe pulmonary injury and die somewhat 
earlier at concentrations of the vapor possibly insufficient to induce 
lethal systemic intoxication. 

8. When the hydrochloride is given orally, injury of the duodenal 
and jejunal mucosa with ulceration, hemorrhage, and sometimes per- 
foration occurs; squamous metaplasia of the intestinal epithelium is a 
feature of healing. The presence of food in the gastrointestinal tract 
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appears to exert a local protective action. The compound may be ab- 
sorbed from the intestinal tract to induce systemic intoxication. 

9. The mammals which have been studied show no great differences 
in susceptibility, but chickens are relatively resistant to the intravenous 
injection of the hydrochloride, succumbing only to doses inducing an 
early neurologic effect (ie., they do not show the phenomenon of de- 
layed death characteristic of mammals) . Transient leukopenia occurs 
in the surviving birds. 

10. For producing visible systemic injury in rats, H is superior at 
LDeo doses to the | 3 -chloroethyl vesicants (HNi, HN2, and HN3), 
when administered intravenously or subcutaneously, 

11. In a comparative study of the delayed systemic action of H, 
HNi, HN2, and HN3, rats were exposed to these compounds via 
cutaneous application, gassing, intravenous and subcutaneous injec- 
tion at dosage in the range of the LD50 or LC50, and about 0.5 LD50 
or LC50. 

a. Wide variations occur between the effects obtained by the mtra- 
venous and subcutaneous routes and those following cutaneous 
application or gassing. 

b. After gassing and percutaneous application the systemic effects 
of HN compounds, at both levels of dosage, were more severe 
than after H, with the single exception that HNi was less mye- 
lotoxic than the other three compounds. On the basis of dosage 
required, HN3 was the most efficient in producing the delayed 
systemic effects. 

c. Intravenous and subcutaneous injection of H (in propylene gly- 
col) reverses the relationship to the HN compounds; at the LDso 
dosage, it was most consistent and toxic in its action judging by 
the loss of weight, leukopenia, extent of lymphoid atrophy, bone 
marrow injury, and enteritis. HN3 was again the most efficient 
of the nitrogen mustards; HNi was the least leukotoxic at the 
dosage employed. 

12. Comparison of the delayed systemic effect of nitrogen and sul- 
fur mustards with other leukopenic agents (benzene and x-rays) shows 
them to be remarkably similar to x-rays (including the enterotoxic 
action), whereas parallelism to benzene is less evident. 

For sn interesting comprehensive nnd Qusntitstive study of the effects of single 
intmvenous injections of the ssme nitrogen nnd sulfur mustards at doses ap- 
proximately equal to our LDeo dosage, the reader is referred to the paper by 
Kindred, J. E., Histologic changes occurring in the hemopoietic organs of albino 
rats after single injections of s-chloroethyl vesicants. Arch. Path., 1947, 43, 253- 
295, which appeared after our paper had been submitted for publication, l^dred’s 
general observations are in essential agreement with ours. 
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DESCRIPTION OF PLATES 


Plate i 

Fig. I. Polymorphonuclear leukocytes which may occur in rabbit blood during 
the recovery phase. These cells first appear from 4 to 5 days after adminis- 
tration of 0.5 to 3.0 mg, per kg. of IIN2 hydrochloride and may persist for 
2 weeks thereafter, 

A. Macropoly cyte: nucleus in mitosis, basophilic granulations. B. Pseudo- 
eosinophilic polymorphonuclear leukocytes: cell on the right shows an exces- 
sively segmented nucleus. C. Pseudo-eosinophilic poI>’morphonucIcar leuko- 
cytes: basophilic granulations. (This is a constant and the most common form 
of abnormal cells.) D. L3mphocyte and an agranular pseudo-eosinophilic 
polymorphonuclear leukocyte. 


40 



AMruicAx JourxAT, or Pvtiiology. Vol. XXIV 


Plate i 



1-c 


1-D 


Graef, Karnofsky, Jager, Krichesky. and Smith 


Effects of Nitrogen and Sulfur Mustards 


Plate 2 


Figs. 2 and 3. Femoral (Fig. 2) and sternal (Fig. 3) bone marrow of a rabbit 
given 3.0 mg. per kg. of HN2 HCl intravenously and sacrificed 70 hour.' later. 
The photomicrographs illustrate the severe depletion of cells and the \kt- 
sistence of fat and an irregular deposit of protein-containing fluid in the 
interstitium. Figure 2, X 170; Figure 3, X 130. 
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Plate 3 

Fig. 4. Low-power photomicrograph illustrating splenic contraction in a rat 72 
hours after gassing for 10 minutes at 0.4 mg. per liter. The follicle.s are about 
one-half their usual size, and the red pulp is re[)resented by fibrous strands 
and sinuses engorged with erythrocytes. Hematoxylin and cosin stain. X 30. 

Fig. 5. Low-power photomicrograph illustrating thymic involution in a mouse 70 
hours after receiving 16 mg. per kg. of HN2 subcutancoush’ Of note are the 
great reduction in lymphocytes of the cortc.x and the replacement by large 
epithelioid cells. Lymphocytes persist in the medulla. The pattern suggests 
a reversal of the normal corticomcdullarx- composition. Hematoxylin and 
eosin stain. X 30. 
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Pi.ATr. 4 

Fig. 6. PhotomicroRraphs of sections of the jejuniirn of rats. 

A (X 150) illu.strntes the villi and nonnal appearance of the epithelium in 
an untreated animal (apparently free from paratyphoid infection or parasitic 
enteritis). B and D illustrate the entcrotoxic effect of HNe hydrochloride at 
48 hours (3 me. per Ur. suhcutaneously ) and C. at (j(> hnur.« (: niR. jier kg. 
intravenou.sly). All sections were stained with hematoxylin and co.sin. 

In B. the villi arc broader than normal and shorter. Suhepithelial edema 
has lifted the lining cells of the villi. Deep in the mucosa, dilated lymphatics 
may be seen. These often contain precipitated protein-rich fluid. Tlicre is 
an increase of cells, chiefly eosinophilic leukocytes and some iiolynuclcar 
leukocytes. X 100. 

In C. a later stage is depicted. Of note are the striking vesiculation of the 
cytoplasm of the surface cells and evidence of desquamation. Tlie villi are 
short and abut on each other. In the ciypts of Lieberkiihn. squamous meta- 
plasia has taken place and the cells of Paneth are no longer seen. The cellu- 
lar reaction in the interstitium is not marked or in c.xcess of normal findings, 
as is often the case. X 250. 

In D. the villi arc short, stubby, and the mucous epithelium is partially 
replaced by hypertrophic and hyperchromatic cells with large nuclei. In 
places, the epithelium is low-columnar; in others, it is of a squamous char- 
acter. In one ciypt is a large plug of detritus includinc nuclear debris and some 
polynuclear leukocytes. X 250. 
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SOME ASPECTS OF THE EVOLUTION OF SILICOTIC LESIONS* 

L COSTERO, M.D. 

{From the Department of Pathology, University of Mexico School of Medicine, 
and the InstUnto Nact 07 ial de Cardiologia, Mexico, D.F.) 

The microscopic appearance of silicotic lesions is well known today 
and may be found described in the standard textbooks on pathology. 
These descriptions are based on the classical staining technics with 
aniline dyes. I have studied 35 cases of pulmonary silicosis with the 
silver impregnation technics of Rio-Hortega and have obtained a num- 
ber of new or little known structural details which may contribute to 
a better understanding of the evolution of the silicotic nodule and 
which explain the presence of those other non-nodular lesions that are 
constantly observed in the lungs of patients with silicosis. 

Silicotic lesions are not due exclusively to the direct effect of silica 
dust inhaled into the alveoli but are influenced also by secondary in- 
fections. However, these infections, especially tuberculosis, are present 
so constantly with silicosis that it becomes difficult to trace a sharp 
line between lesions which are purely silicotic and those which are 
mixed; therefore, they are being described together. 

Technical Methods 

The staining methods employed in this report are described in detail in the 
publications of P. del Rio-Hortega, which are listed in the bibliography.f The 
following is a summary of those methods which gave the best results in staining 
silicotic nodules. 

Rio-Eortegafs Method for Precollagen Fibers 

1. Fix in 10% aqueous solution of formalin (indefinite time). 

2. Cut sections on the freezing microtome. 

3. Wash in distilled water (15 minutes). 

4. Immerse in a recently prepared 5% aqueous solution of potassium per- 
manganate; each section must remain in this solution a different period of time, 
i.e,, 15, 30, and 60 seconds, and 2, 4, 8, and 16 minutes; thus seven sections will 
be necessary. 

5. Wash rapidly in distilled water (5 to 15 seconds). 

6. Remove the potassium permanganate retained in the sections with a 5% 
aqueous solution of oxalic acid (15 seconds). 

7. Wash rapidly in distilled water (5 to 15 seconds). 

8. Wash in ammoniacal water: distiUed water, 50 cc.; ammonium hydroxide, 

I drop (s to 15 seconds). 

g. The seven sections which have followed all the steps, and another two not 

* Received for publication, January 31, 1947* 

Cost of illustrations partially defrayed by the Committee on Inter-American ^ 

Scientific Publications. . ^ , 

t These publications may be obtained in the Institucion Cultural Espanola, Bernardo 

de Irigoyen 672, Buenos Aires, Republica ArS’entina. 


49 



50 


COSTERO 


previously treated with permanganate, arc , placed in a cylindrical dish of about 
10 cc. capacity with a i.S% aqueous solution of silver nitrate; heat the solution 
until the sections become a yellowish color (about 30 minutes at 60'^C.); stir 
frequently. 

10. Wash rapidly in distilled water (5 to is seconds). 

11. Immerse the sections in another cylindrical dish in Rio-Hortega's silver 
carbonate; 

10% aqueous solution of silver nitrate 10 cc. 

5 % aqueous solution of anhydrous sodium carbonate .',0 cc. 

The precipitate formed when both solutions arc mi.xcd is dissolved with am- 
monium hydroxide; this must be added drop by drop very carefully; decant when 
a few particles of precipitate still remain (the c.xccss of ammonium hydro.xidc 
must be avoided). Add distilled water to make 150 cc. 

Before immersing the sections in Rio-Hortega’s silver carbonate, add 3 drops 
of pyridine (if the dish is of 10 cc, capacity). Cover the dish with a watch-glass 
and heat slowly until the sections become of a blended tobacco-like color (about 
20 minutes at 6o°C.); stir frequently. 

12. Wash rapidly in distilled water (5 to 15 seconds). 

13. Reduce in 10% aqueous solution of formalin; the sections arc rapidly ob- 
scured (black tobacco-like color, which appears in 15 seconds). 

14. Wash in distilled water (i to 15 seconds). 

15. Immerse in a 0.2% aqueous solution of gold chloride at room temperature; 
stirring frequently until the black tobacco-like color changes into gray tones (15 
minutes) ; then heat 10 minutes at 40° C. 

16. Fix in a 5% aqueous solution of sodium thiosulfate (i minute). 

Wash in distilled water; dehydrate in 96% alcohol; clear in beechwood creosote; 
mount in Canada balsam. 

Results: The cells and the connective stroma are simultaneously stained. The 
longer the time in the permanganate solution, the paler the color of the cells and 
the clearer the contrast of the connective stroma. The precollagen fibrils are 
stained in black tones, while the collagen bundles are of purplish color. 

Rio-Eortega’s Method for Macrophages 

1. Fix in 10% formalin (maximum, i month). 

2. Cut sections on the freezing microtome. 

3. Wash in distilled water (10 to 20 minutes). WTien the specimen has been 
fixed for more than 10 days and less than i month, it is convenient to leave the 
sections for 24 hours in distilled water, and even better in a diluted solution of 
sodium sulfite or in ammoniacal water. 

4. Immerse one section in Rio-Hortega’s silver carbonate for 5 seconds, stirring 
continuously in order to obtain a homogenous impregnation; change immediately 
to a 1% aqueous solution of formalin. The results will be different w'hether the 
formalin is stirred or not, and both possibilities should always be tested; the 
sections wdll be reduced in less than i minute if the solution is stirred, but they 
will need 5 or more minutes for reducing if the solution remains without movement. 

A second section is immersed for twice as long in the silver carbonate, and the 
reduction is made in the same manner. The other sections are left in the silver 
carbonate for increasing periods of time, doubling the number of seconds with 
each, the limit being 15 minutes. 

After staining, the complete series of sections must be observed under the 
microscope; the optimum time for the staining of macrophages, which is variable 
for each specimen, may be determined without mounting the sections and even 
using low magnification. 
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5 . Wash in distilled water (indefinite time). 

6. Tone in the solution of gold chloride. 

7. Fix in the solution of sodium thiosulfate. 

8. Wash in distilled water. Other complementary staining may be advantageously 
used at this moment, depending on the structures that are to be observed simul- 
taneously with the macrophages, such as nuclei, fat, hematogenic pigments, etc. 

Dehydrate, clear and mount. 

Steps 6, 7, and 10 are identical with 15, 16, and 17 of the method for pre- 
collagen fibers. 

Results: The cytoplasm of the macrophages is stained in different intensities 
of purplish color; all of the other structures are weakly stained or invisible, if 
complementary stains are not used. 

Gallego^s Method for Elastic Fibers 

.1. Fix in 10% formalin (indefinite time). 

2. Cut sections on the freezing microtome. 

3. Place the sections in a Petri dish containing about 40 cc. of water; they 
should be stained promptly, because the water removes the rest of the formalin, 
some of which must remain in the sections, in order to obtain perfect staining. 


4. Immerse the sections for 5 minutes in : 

Water 10 cc. 

Pharmacopoeial solution of ferric chloride (FeCls + 6H2O) 5 drops 

Nitric acid i drop 

5 . Transfer sections, without washing, for 5 minutes, to: 

Water 10 cc. 

Ziehl-Neelsen’s carbolfuchsin 30 drops 

Nitric acid i drop 


This solution and the former (4) must be prepared immediately before using. 

6. Wash rapidly in water (5 seconds). 

7. The sections are differentiated during 5 minutes in the same solution used in 
step 4. 

8. Wash in water. The sections may be observed under the microscope at a low 
magnification; the elastic fibers must be the only structures which appear deeply 
stained. If the staining is pale, steps 4, 5, 6, and 7 may be repeated once or twice. 

Dehydrate in alcohol, clear in beechwood creosote, wash out the creosote with 
xylene, and mount in Canada balsam. 

A beautiful and complete counterstain may be obtained by adding the following 


complementary steps : 

9. Immerse the sections for 2 minutes in: 

Water 10 cc. 

Ziehl-Neelsen’s carbolfuchsin drops 

Acetic acid ^ 

10. Wash rapidly in water (s seconds). 

11. Immerse the sections for 5 minutes in: 

1% aqueous solution of formalin 10 cc. 

Acetic acid ^ 

12. Wash in water (5 to 15 minutes). 

13. Stain in Cajal’s picro-indigo carmine solution (i minute) : 

Aqueous saturated solution of picric acid 90 cc. 

Distilled water 10 cc. 

Indigo carmine 0.25 gm. 

14. Wash in water (15 seconds). 

* « X .... V 


Dehydrate and mount as before (8). 
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Results: Elastic fibers, the nuclei, and all basophilic structures appear stained 
in different tones of violet; the collagen bundles and the acidophilic structures appear 
blue; the red blood cells and the muscle fibers arc a yellowish green. 

Histogenesis and Evolution of the Typical Silicotic Nodule 

According to my observation, the initiation of the nodules takes place 
around vessels which are reached by the minute sharp silica crystals 
carried by the alveolar macrophages. At first the process is marked by 
a proliferation of the reticular (precollagenous, argyrophilic) fibers 
which appear to form a moderately dense net sustained by a number of 
thick trabeculae of radiating disposition, which in turn are anchored 
in a few circular collagenous bands surrounding tlie central vessel 
(Fig. i). This lesion is usually well limited, but tlie proliferation may 
extend into the neighboring interalveolar septa. There are always great 
numbers of desquamated cells of macrophagic character in the ad- 
jacent alveoli, and small quantities of albuminous exudate may be 
present. 

I^Tiile the reticular fibers continue to proliferate rapidly, the cen- 
tral vessel also becomes involved, at first showing signs of obliterating 
angiitis and finally becoming completely obstructed. The argyrophilic 
fibers lose their reticular arrangement, become wa\y, and are partially 
transformed into collagenous substance. Through this process there 
arises a spheroid nodule which stands out clearly from the neighboring 
alveoli by its hardness and lack of vascularity (Fig. 2). 

The greater the number of newly formed collagenous (fascicular, 
acidophilic) fibers, the slower the further growth of the nodule. WTien 
retraction of these collagenous fibers ensues, it causes compression 
atelectasis of the parenchyma with collapse of the surrounding vessels 
and bronchi, and there appears a desquamation of alveolar cells of 
variable intensity. The static period is reached when all of the reticu- 
lar fibers of the nodule have been replaced by collagenous fibers. Figure 
3 shows a large-sized nodule which is still growing (as demonstrated 
by the persistence of reticular structure), and in it one may observe 
the intensity of the desquamative process and the widening of the 
lymphatic spaces. Figure 4. shows a node in which the growth has been 
arrested; it is made up exclusively of thick collagenous fibers. Here 
the limiting desquamative process has become organized and static, and 
the Ijmiphatic spaces are no longer conspicuous. 

The first precollagenous fibers to appear in the lesions grow out from 
the adventitial layer of the small vessels, especially from the venules 
which have been attacked by silica crystals accumulating in their 
l3maphatic spaces; the subsequent growth of these fibers then becomes 
autonomous. Other new fibers are formed by the regional histocytes 
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situated, in order of importance, within the adventitia of small vessels, 
in the local capillaries, and in the alveolar wall itself. 

Factors Causing the Polymorphism of the Silicotic Node 

In only a few cases is the structure of the silicotic nodule as simple 
as in the foregoing description since it is subject to modification by 
many factors. 

Several incipient nodules may be so close to one another that their 
proliferating reticular fibers coalesce and they become fused into the 
likeness of acini or clover leaves (Fig. 5). This image is probably the 
result of the simultaneous proliferation around several vessels joining 
two main nodules, each one of them composed of smaller secondary 
ones. New nodules sometimes appear near the border of other more 
advanced lesions. In Figure 6 there are two such nodules incompletely 
separated from an older one by a few collapsed alveoli. This mechanism 
of spreading of the silicotic nodule may be termed growth by apposi- 
tion. 

There is not always as sharp a limit between the older nodule and 
its satellites as in the foregoing example. Figure 7 shows the edge of 
a silicotic nodule still in the precollagenous stage which grows outward 
irregularly through the formation of secondary nodules, with multipli- 
cation of fibers alongside the vessels and invasion of the alveoli. Such 
formations may indicate a continuous arrival of siliceous dust in the 
alveoli and its accumulation around the vessels irrigating the border of 
a nodule. 

Another factor contributing to the progression of the lesions is the 
limiting desquamative pneumonia which is a constant companion of 
spreading silicotic nodes. Figure 8 illustrates such a process by showing 
the marginal alveoli of a nodule filled with desquamated cells and scanty 
albuminous exudate of vascular origin. The relative integrity of the 
interalveolar septa is useful in differentiating this aseptic irritative pro- 
cess from lesions caused by either banal or tuberculous infection. 

With adequate technics and high magnifications the desquamated 
cells are shown to have pseudopodial forms, which indicate active mi- 
gration and, therefore, macrophagic character (Fig. 9). The exudate 
itself is often free of blood corpuscles. The small, round, often pyk- 
notic nuclei, and the products of cytorrhexis which appear in the 
photomicrograph belong to desquamated cells and only exceptionally 
to leukoc5rtes or lymphocytes. 

Desquamative pneumonia contributes to the spread of silicotic le- 
sions because its exudate tends to become organized. Figure 10 shows 
the delicate reticular fibers largely originating in the wall of the alveoli 
and partly formed by the desquamated histocytes. As they replace the 
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intra-alveolar fluid there appears a reticulum similar to the structure 
of the neighboring nodes; the new reticulum slowly coalesces with the 
older nodes as shown in Figure ii. In some regions where the alveolar 
wall is still preserved the new reticulum is quite definite, but in other 
sites the boundary between the silicotic nodes and the organized exu- 
date has disappeared. This second type of growth may be defined as 
growth by organizing pneumonitis. 

The third and last factor causing polymorphism of the lesions is the 
presence of atelectatic areas around the nodes. If compression were 
the only cause of atelectasia, one should not expect tlie latter to contrib- 
ute to the growth of the lesions, but there are also inflammatory phe- 
nomena due chiefly to the presence of siliceous dust in the alveoli and 
to the ischemia resulting from the compression of the blood vessels. 
These inflammatory phenomena also contribute to the early destruction 
of the alveolar epithelium and thus break down the barrier between 
the reticular fibers of the interalveolar septa and the lumina of the 
alveoli which contain the irritative factor. This breakdown starts pro- 
liferation of the fibers. Finally, fibrils from opposing walls become fused 
and a solid mass arises which comes into contact with neighboring nodes 
as shown in Figure 12. This growth by transformation of atelectatic 
zones can be distinguished from both of the pre\nous t5^es of growth by 
one significant detail: whereas in growth by apposition and in growth by 
organizing pneumonitis the structure of the node is predominantly 
reticular, collagen transformation must have taken place in order to 
produce adequate zones of atelectasia. 

Observations on the Structure of the Silicotic Node 

Silver impregnation technics have revealed details referring mainly 
to the intranodular blood vessels, the connective fibrils, the process of 
central softening, and to the activity of the macrophages. 

The most frequent change in the intranodular blood vessels is the 
widening of the adventitial lymphatic space. In Figure 13 the central 
vessel of the node has been cut longitudinally and the endothelial and 
muscular layers show little change, while the perivascular lymphatic 
space appears as a wide channel conspicuous by its net of reticular 
fibers. Figure 14 shows a similar vessel cut transversely. Within the 
dilated space there may be small numbers of lymphocytes, macro- 
phages, and silica crystals. I believe that these elements may be carried 
there passively following the physiologic draining current from the 
alveoli. 

Alterations of the vascular intima begin somewhat later. In Figure 
14 there is already a slight proliferation of the endothelium with conse- 
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quent narrowing of the lumen. Figure 15 illustrates the period of maxi- 
mal proliferation and shows the lumen completely obliterated. This 
vascular obliteration may be responsible for the transformation of pre- 
collagen fibrils into collagen, to be discussed later in this paper. 

The degenerative changes of intranodular vessels are often compen- 
sated by a new growth of capillaries originating from vessels situated 
outside of the lesion. The new capillaries may have to traverse wide 
distances and they behave similarly to, but not exactly like, capillaries 
arising in canalizing thrombi or in foreign body reactions. They are 
difficult to demonstrate with aniline stains but appear clearly when 
silver impregnations are used, as in Figure 16 where they appear as 
delicate tubes of precollagen fibrils. Since this section is very thin, only 
a minority of these newly formed capillaries can be discerned. Their 
real number is more apparent when retraction takes place and the 
density of the structures increases, as in Figure 17 in which the nodule 
is invaded by a new net of capillaries penetrating it from outside. The 
relation between this process and the softening of the silicotic nodule 
will be discussed later. 

The structure of the reticular network of the silicotic node is quite 
variable. When the transformation into collagen has progressed but 
little, the argyrophilic fibers preserve their characteristic reticular as- 
pect (Fig. 18) ; the radiating disposition previously described is often 
very clear. Sometimes at the border of the growing nodule, sometimes 
in its center and near the radiating zones, the fibers become more in- 
dependent and show a tendency to form wavy bundles; this indicates 
the first change in their chemical composition, also shown by their 
avidity for acid dyes. Soon after, they break up into parallel bundles 
and acquire the histologic characteristics of collagen fibers (Fig. 19). 
The number of straight reticular bundles increases and it is common 
to find nodules like that in Figure 20, which consist of fibers of trabecu- 
lar disposition but which otherwise conserve their precollagen charac- 
teristics. One must be careful to distinguish these bundles of wavy 
precollagen fibers, which mark the beginning of collagenous transforma- 
tion, from those entirely straight fibers which are the result of mechan- 
ical traction (Fig. 21). The preponderantly parallel arrangement here 
is due to the displacement resulting from the retraction of the older 
collagen bundles in the neighboring nodules. 

In Figure 22 are found the first collagen bundles arising from the 
wavy fibrils in the center of a silicotic nodule. Here also, as occurs 
usually when collagen is formed by an abnormal mechanism, the fibers 
soon become hyalinized and contracted. This causes the whiteness and 
hardness of the nodules that characterize their macroscopic appearance. 
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However, there are also autolytic phenomena which tend to produce 
the opposite result. The softening of completely fibrous nodes is due 
in part to the formation of new capillaries and in part to the proteolytic 
action of the phagocytes contained in the lesions. Figure 23 is taken 
from such a softening nodule; in the loose zone the central vessel and 
debris of dissolving reticular fibers may be observed. In Figure 24 the 
central area is filled with lymphoid cells and the penetration point of 
the vessels which have produced the softening can be distinguished in 
the lower part of the figure. In Figure 25 there are numerous active 
macrophages beside the vessels and lymphocytes. The last three illus- 
trations taken together show the main features of softening in succes- 
sive stages. 

Among the many elements found in softening foci, cellular debris, 
masses of siliceous crystals, and fragmented fibrils can be observed. 
There are also some elements whose significance and mode of origin are 
not clear, as, for instance, the chrysophilic granules shown in Figure 
26; they have irregular shapes with generally rounded contours and 
they stain deeply with warm gold chloride. Their appearance would 
have suggested derivation from erythrocytes but for the lack of any 
other sign of hemorrhage in the softened silicotic nodules. Another 
problematic feature concerns the large refringent crystals with indefin- 
ite edges (Fig. 27) which are occasionally present. They show varying 
degrees of affinity for the basic aniline dyes, as do calcium salts, and 
they are found in the vicinity of other basophilic granules. They resist 
treatment with both alcohol and xylene. 

Study of the macrophages with the specific silver impregnation tech- 
nics of Rio-Hortega has contributed much valuable data about the 
histogenesis and evolution of the silicotic nodule. Macrophages appear 
quite early surrounding the vessels of a developing nodule (Fig. 28). 
Many of them come from the alveoli and transport the siliceous crystals 
into the adventitial spaces where the silicotic lesions begin, but not 
all of the crystals arrive in the adventitial space in this manner and 
probably a considerable number of the perivascular macrophages are 
formed in situ by the histocytes surrounding the altered venules, ^\^len 
the irritation by the dust particles excites the reticular fibers to prolif- 
erate, the adventitial space soon becomes obliterated; thus, the irritat- 
ing dust particles are accumulated around the vessels where they stimu- 
late the formation of more macrophages. The number of macrophages 
increases progressively until there are large masses of ameboid cells 
containing cellular detritus (Fig. 29). 

The detailed structure of the macrophages can be observed in Figure 
30, taken at a higher magnification. The cytoplasm is highly developed 
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and shows rounded shapes. The nuclei are hidden by the numerous 
intracellular inclusions, including siliceous crystals. Sometimes there 
are small vacuoles that give the microchemical reactions of the fatty 
substances and some of the pseudopodial prolongations are found de- 
tached from the main body of the cells. 

When the reticular fibers are transformed into collagen there begins 
a rapid destruction of the macrophages. Some of them are caught be- 
tween the meshes of the hyalinizing bundles during their process of 
hardening and retraction and space becomes too limited even for cells 
as stereotropic as these. Figure 31 shows the macrophages imprisoned 
between the thick hyalinized collagen bundles. However, the greater 
part of the destruction takes place in the softened areas by autolytic 
changes (Fig. 32) ; the intensity and speed of the regressive phenomena 
can be deduced from the pyknotic nuclei and liquefying cell bodies. 

The previously well known fact of the disappearance of the elastic 
fibers has been further confirmed by my observations. Figure 33 from 
a preparation stained by Gallego’s method shows the absence of elastic 
fibers in the nodular zone and in addition their radiating orientation 
towards the periphery of the nodule as a result of the traction exercised 
by the shrinkage of the newly formed collagen fibers. 

Diffuse Silicotic Lesions 

Fibrous nodules are the most characteristic type of lesion in silicosis, 
but other types are present. Nodules are frequently found together 
with diffuse fibrous plaques, peribronchial sclerosis, and with focal 
pleural thickening. 

Diffuse fibrous plaques may be interpreted as nodules profoundly 
modified by vascular proliferation, migration of macrophages, and su- 
perimposed inflammatory lesions (Fig. 34). Among the inflammations, 
tuberculosis apparently plays the most active part in the transformation 
of lesions into extreme fibrous plaques. The collagenous network of 
these plaques is so irregular that retraction has few consequences and 
there is only slight deformation of alveoli, vessels, and bronchi. 

Peribronchial sclerosis is probably a product of the same factors 
which excite the formation of the nodules, namely, the penetration of 
particles of silica into the lymphatic spaces; but, since the efficiency 
of lymphatic drainage is lower in the vicinity of the bronchi and there 
is reticular connective tissue within their mucosa, well defined nodules 
are the exception rather than the rule (Fig. 35). There is an intense 
desquamation of the mucosa and the lumen of the bronchi contains 
exudate, although it must be noted that these phenomena are exagger- 
ated by post-mortem autolysis due to delay in fixing the specimen. 
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The plcnritis of silicosis often appears rather early, sometimes being 
the first anatomic change of the disease. It begins by a moderate 
thickening of the visceral pleura with considerable dilation of its 
lymphatics and blood vessels. The hypertrophy of the connective struc- 
ture is relatively slow and usually the reticular network, which charac- 
terizes the parenchymal lesions of silicosis, fails to develop. The 
neighboring alveoli are not affected until late in the process (Fig. 36). 

When pleural thickening has reached full development, as in Figure 
37, the surface of the serous membrane is found covered with newly 
formed capillaries together with a delicate network of reticular fibers. 
These fibers are formed by wandering histocytes, many of which show 
the changes of fibrogenesis. The vessels, especially the lymphatics, are 
always dilated. The lesions show a tendency to limit themselves to 
plaques which can be observed macroscopically; there is either very 
little hyalinizing of the collagen fibers or none at all. The presence of 
silicotic nodules in the immediate vicinity of the pleural plaques seems 
to increase the size of the latter. It is to be assumed that the pleural 
lesions have the same significance as the perivascular nodules; they 
are also a reaction to the presence of siliceous crystals, either free or 
carried by macrophages, arriving through the lymphatic stream. 

Summary 

After studying the structure and evolution of the silicotic node with 
the silver impregnation methods of Rio-Hortega, the following conclu- 
sions have been reached. 

1. The histologic basis of all lesions induced in the human lung by 
siliceous dust is the proliferation of the reticular fibers. After prolifera- 
tion these fibers are partially or wholly transformed into collagen and 
imdergo hyalinization and retraction. 

2. The silicotic node continues its growth as long as there are re- 
ticular fibers left; growth is arrested when collagenization is complete. 

3. The reticular fibers of the nodule originate mainly in the adventi- 
tial layer of small vessels, especially the venules which have been at- 
tacked by siliceous dust deposited in their adventitial l5rmphatic spaces. 
Fibrogenesis from regional histocytes is of secondary importance. 

4. The nodules grow by (a) apposition of adjacent nodules in the 
later stages of development, (b) organization of the exudate of the 
desquamative pneumonia which marks the limit of the developing nod- 
ules, and (c) transformation of adjoining atelectatic zones. 

5. The adventitial lymphatic space of the blood vessels is frequently 
found dilated and obstructed by proliferating reticular fibers. Some- 
times the nodes are penetrated by newly formed capillaries arising from 
nearby interalveolar septa. 
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6. Many of the silicotic nodules undergo a softening process due to 
the penetration of newly formed capillaries and to the autolytic action 
of macrophages. In the softening foci I have found chrysophilic masses 
and basophilic crystals whose origin and significance cannot be inter- 
preted at this moment. 

7. The macrophages found in silicotic lesions are first seen around 
the vessels, shortly after the beginning of the proliferation of reticular 
fibers. They contain great amounts of detritus and siliceous particles. 
They are destroyed later when they are compressed by bundles of 
hyalinizing collagen and also in great part by autolysis. 

8. The elastic fibers disappear in the completely constituted lesions. 
Their disposition outside the latter is indicative of the traction origin- 
ated by the shrinking of silicotic nodules in the stage of collagenous 
transformation. 

9. Beside the tj^ical silicotic nodule there also appear diffuse scler- 
otic plaques, peribronchial sclerosis, and proliferative pleuritis. These 
three lesions have special characteristics which can be related to the 
different t3rpes of lymphatic drainage pertaining to each region; how- 
ever, their histogenesis, structure, and evolution are similar to those of 
the typical silicotic nodule. 
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DESCRIPTION OF PLATES 


Plate 5 

Fig. I. Silicotic nodule in its initial stage, showing proliferation of the reticular 
fibers around a vessel. The lumina of the alveoli contain great numbers of 
desquamated cells and some albuminous exudate. X 110. 

Fig. 2. Silicotic nodule in evolution. The central vessel is obliterated. The con- 
nective fibers are no longer arranged in reticular form but are in bundles and 
are partially transformed into collagen. X no. 

Fig. 3. Silicotic nodule of greater size than that shown in Figure 2 but still con- 
sisting mainly of reticular fibers. The desquamative pneumonitis in its pe- 
riphery and the dilatation of lymphatic spaces indicate the evolutive character 
of the lesion. X 70. 


















Plate 6 


Fig. 4. Stationarj’ silicotic nodule composed exclusively of thick collagen bundles. 
The limiting pneumonitis has become organized and the Ij-mphatic spaces are 
not patent. X 70. 

Fig. 5. Acinous silicotic nodule produced by the coalescence of two primary nodes, 
each one of them integrated by smaller secondarj' ones. It is difficult to define 
their limits because of the promiscuous interlacing of the reticular fibers. X 
no. 

Fig. 6. Silicotic nodule growing by “apposition.” Incipient nodules appear near 
the edges of a more advanced lesion. The limit between the new lesion and 
the old is marked by a few collapsed alveoli. X no. 
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Plate 7 

Fig. 7. Edge of an advanced silicotic nodule growing by “apposition.’' The limit 
between the new lesion and the older one is less distinct than in Figure 6. X 
no. 

Fig. 8. Silicotic nodule growing by organization of desquamative pneumonitis. The 
alveoli contain desquamated cells and a small amount of albuminous fluid. 
X no. 

Fig. 9. Detailed view of the desquamative pneumonitis around a silicotic nodule 
in evolution. Alveolar macrophages are seen, some of them in necrobiosis, 
the majority in activity and with pseudopodial prolongations. X 440. 
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Pl-ATE S 

Fig. 10. Organization of desquamative pneumonitis. ITic inira-aiveolar fluid i.= 
being replaced by delicate reticular fibers, in part growing out from the 
reticulum of the alveolar walls and in part produced by desquamated histocytes. 
X 2 20. 

Fig. 11. Limiting pneumonitis already organized and in coalescence with the edge 
of an older silicotic nodule. The partial conserwation of the alveolar walls 
makes it possible to' distinguish the pneumonic area. X 70. 

Fig. 12. Growth of a silicotic nodule by transformation of atelectatic zones. In 
the right upper comer there is the border of an old collagen nodule: the 
remainder of the field is occupied by the atelectatic area. X no. 
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Plate 9 

For '‘lympathic'’ read “lymphatic.*' 

Fig. 13. Dilatation of the adventitial space of a blood vcs-'cl cut longitudinally 
within a silicotic nodule. The reticular fibers of the lymphatic space have 
proliferated. X 220. 

Fig. 14. Another vessel similar to the one shown in Figure 13, but cut trans- 
versely. In the adventitial lymphatic space, which is dilated and almost 
obstructed by reticular proliferation, there are a few hanphocyles, macro- 
phages, and siliceous particles. X 220. 

Fig. 15. Central vessel of a silicotic node with more advanced changes than those 
in the preceding figures. The intima has proliferated and the lumen is com- 
pletely obstructed. X 220. 
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PlATK 10 


Fig. i6. New formation of capillaries in a silicotic node in evolution. The vessels 
arc clearly seen among the meshes of the reticular fibers and arc similar to 
those observed in organizing thrombi and in foreign body reactions. X no. 

Fig. 17. Silicotic nodule during the process of collagen transformation with great 
numbers of newly formed capillaries arranged in a dense net of multiple 
anastomoses. Vascular proliferation contributes to the conservation of the 
reticular fibers. X no. 

Fig. 18. Persistence of the characteristic reticular structure of the argyrophilic 
fibers within a large silicotic nodule. Only a few filaments .show a fascicular 
disposition. X a 20. 

Fig. 19. In this silicotic nodule the reticular structure of the argyrophilic fibers 
is partially lost. The fibers form parallel bundles without anastomoses, as is 
characteristic for collagen fibers. X 220. 
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Fig. 20. Connective structure of a silicotic nodule at the beginning of collagenous 
transformation. There are several bundles of fibers but between them the 
picture is still predominantly reticular. X no. 

Fig. 21. Straight reticular fibers due to traction as a consequence of the shrinkage 
of the collagen fibers in neighboring silicotic nodules. >'. 220. 

Fig. 22. Appearance of the first collagen bundles formed from the reticular fibers 
in the center of a silicotic nodule. The collagen fibers can be distinguished 
by their greater thickness, rectilinear arrangement, and lack of anastomosis. 
X no. 

Fig. 23. Center of a softening silicotic nodule at high magnification. In the loose 
area there are the debris of destroyed collagen fibers and a newly formed 
blood vessel. X 220. 
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Pl-ATE 12 

Fig. 24. Small silicotic nodule with its softening center occupied by lymphocytes. 
The canalizing vessel penetrates from the lower part of the field. X no. 

Fig. 25. To the vessels and IjTnphocytes in the softened center of the nodule, large 
quantities of active macrophagic cells have been added and their proteolytic 
enzymes have begun to destroy the collagen, X no. 

Fig. 26. Irregular chrj’sophilic masses with rounded edges, of unknown origin 
and significance, which are found between the fibers in the softened areas of 
some silicotic nodules. X 440. 

Fig. 27. Large ciystalline masses with indefinite edges, which sometimes appear 
in the softened areas of advanced silicotic lesions. X 680. 
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Plate 13 

Fig. 28. Macrophages arranged around the lymphatic vessels. Tncse macrophages 
have tlieir origin mainly from the histocytes of the alveolar wails. They are 
the carriers of the siliceous particles. X 110. 

Fig. 29. Dense accumulation of macrophages as seen at a higher magnification 
than in Figure 28, showing the cytoplasm filled with siliceous particles. The 
accumulation of these cells is explained by the obstruction of Ijanphatic drain- 
age. X 220. 

Fig. 30. Detailed structure of the macrophages contained in silicotic nodules. The 
cytoplasm is highly developed and has a rounded shape. The phagocytized par- 
ticles almost hide the nucleus. X 440. 

Fig. 31, Macrophages caught between the hyalinizing collagen bundles; the retrac- 
tion of these bundles contributes to the compression of the cells placed be- 
tween them and thus to the atrophy of all living elements of the silicotic 
nodule. X 220. 
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Fig. 32. Macrophii^i-^ in necrobiosis, wiih pyknotic iuiclei and liquefying cyto- 
pla.'^m. within the softened area of an old silicotic nodule. The destruction of 
the cells in thi.*; ca.<e is due to autoly.sis. not to cotnpre.ssion. >. 220. 

Fig. .33. Pulmonary tissue which contains a silicotic nodule, stained for elastic 
fibers. The fibrous part is lacking in elastic fibers, and in the neighboring 
alveolar walls the elastic fibers are distorted by the retraction of the sclerotic 
lesion. X 70. 

1 'tg. 34. Diffuse sclerotic plaque representing a silicotic nodule deeply altered by 
vascular proliferation. multii>lc softening processes, and inflamniator}' phe- 
nomena. TIO. 
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Plate 15 

Fig. 33. Peribronchial sclerosis. This lesion is due to factors similar to those which 
produce the typical silicotic nodule, modified by the special disposition of the 
lymphatic vessels along the bronchial tree. X no. 

Fig. 36. Thickening of the visceral pleura; blood and lymphatic vessels con- 
siderably dilated; hypertrophy of the reticular structure. These lesions show 
the first stage of silicotic pleuritis. X 70. 

Fig. 37. Pleural silicotic plaque completely constituted. The newly formed capil- 
laries are spread over the surface of the serosa and are accompanied by a veiy 
delicate precollagen network. X 70. 













TRUE ANEURYSMS OF THE MITRAL VALVE IN 
SUBACUTE BACTERIAL ENDOCARDITIS* 

Otto Saphir, MD., and Eue P. Leroy, MJD. 

(From the Department of Pathology, Michael Reese Hospital, Chicago i6. III.) 

Mycotic aneurysms of the aortic or mitral valve are not rare in 
patients with subacute bacterial endocarditis. These aneurysms are ' 
usually erosive in character in that they develop from an ulcerative 
endocarditis. Most commonly they consist of a hollow thrombotic mass 
attached to the valve. An erosion or ulcer of the involved cusp or 
leaflet leads into this cavity. To name such aneurysms correctly Rib- 
bert^ coined the term “thrombo-aneurysma.” It is obvious that these 
are false aneurysms brought about by a destructive lesion in the valve. 
From the description in the literature of aneurysms found in association 
with subacute bacterial endocarditis, it is clear that almost invariably 
they are examples of such false erosive mycotic aneurysms. As early as 
1867 Pelvet ^ was able to collect 9 examples of such aneurysms. 

Von Arx^ reported 4 instances of aneurysms of the heart valves. 
He concluded that they were false aneurysms and denied the existence 
of true nontraumatic mycotic valvular aneurysms. Ribbert,^ in 1924, 
also studied the various mycotic valvular aneurysms but left the ques- 
tion open as to the existence of true valvular mycotic aneurysms. Such 
aneurysms, Ribbert remarked, would be the result of partial destruc- 
tion of the valve leaflet, leaving a subendocardial layer intact, with 
subsequent replacement of the necrotic portion of the valve by granu- 
lation tissue. This eventually would give way to intracardiac pressure 
and form the wall of a true aneurysm. 

Kaufmann^ (1929) differentiated two types of aneurysms of the heart 
valves. One type is explained by the destruction of a layer of the 
valvular endocardium by progressive ulceration. Thrombotic masses 
and possibly necrotic valvular fragments form a considerable part of 
the wall of such an aneurysm, being thrust into the sac by the blood 
pressure. In other instances he asserted that the aneurysmal sac ex- 
pands slowly until it reaches the size of a walnut, and then may con- 
tain thrombi or fluid blood. These latter aneurysms are referred to as 
chronic aneurysms. His Figure 10 depicts such a chronic aneurysm on 
the aortic tip of the mitral valve. However, Kaufmann does not dis- 
tinguish between true and false aneurysms. 

Pichon and Bidou,^ in 1932, in a very short case report of subacute 
bacterial endocarditis, mentioned an aneurysm which was situated on 
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the aortic leaflet of the mitral valve, bulging towards the atrial cavity. 
The aneurysm was nodular and disclosed a small point of rupture 
which was covered by a thrombus. The opening of the aneurysm meas- 
ured 5 mm. The cavity was filled with clotted blood and its v/all was 
very thin. There is no microscopic description, and there arc no clear- 
cut illustrations. From the description it is not evident whether this 
was a true or false aneurysm. Soulic and Forge, ^ in 1937, also described 
an aneurysm of the aortic leaflet of the mitral valve in an instance of 
subacute bacterial endocarditis. The aneurysm measured about 3 cm. 
in greatest diameter, was saccular, and bulged into the left atrium. Its 
atrial surface was smooth and almost completely covered by endocar- 
dium. At the dome of the aneurysm was a small oval perforation which 
measured 5 mm. in greatest dimension. The aortic valve was retracted 
and fibrosed. Small vegetations and ulcerations w’cre present on the 
aortic valve and adjacent to the aneurysm. Microscopic examination of 
the aneurysm disclosed destruction of tlie fibro-elastic tissue of the 
leaflet. It was replaced by inflammatory tissue which was partially 
necrotic. Wfliile from Uie gross description and the accompanying photo- 
graphs it is evident that these authors described a true aneurysm, the 
microscopic description seems too inadequate to allow any definite con- 
clusions as to its nature. 

This study is based on the examination of 53 hearts with subacute 
bacterial endocarditis. Special attention was paid to the presence or 
absence of aneurysms of the valves. Such aneurysms were encountered 
in 12 cases. False aneurysms as described above were found in 7, and 
true aneurysms in 5 patients. All were located on the mitral valve. 
Only the true aneurysms form the basis of this study. 

The diagnosis of subacute bacterial endocarditis was based on the 
evidence of an old valvular lesion, on the presence of relatively large 
vegetations, the involvement of the mural endocardium, and the dis- 
covery of Streptococcus viridans in the circulating blood of the patients 
at some time before their death. Also the prolonged clinical course of 
the disease was taken into consideration. The vegetations were rather 
firm, apparently partially organized, and occasionally areas of calcifica- 
tion were palpated. Though small ulcerations, particularly at the free 
margins of the involved valves, often were encountered in subacute 
bacterial endocarditis, they were not associated with true aneurysms. In 
4 instances the older valvular lesions were obviously inflammatory, 
most likely of rheumatic origin. In one instance there was only an old 
syphilitic aortitis with involvement of the aortic valve. Vegetations, 
however, were present on both the aortic and mitral valves and the 
aneurysm was found on the anterior leaflet of the mitral valve. 
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In 4 instances the aneurysms were located on the aortic leaflet of the 
mitral valve and in one on the posterior leaflet. In one instance multi- 
ple aneurysms were encountered. 

The morphologic appearance of these aneurysms was more or less 
similar. Each presented a well circumscribed, round, smooth out- 
pouching or ballooning of part of a leaflet of the mitral valve. They 
measured from about 0.8 to 1.5 cm. in diameter. At first glance they 
resembled well organized, broad-based vegetations covered by smooth 
endocardium. Only by gentle compression of the sac-like structure was 
it possible to recognize the outpouchings as aneurysms. At the point 
of the highest convexity a small perforation was noted in 4 aneurysms. 
In only one a small, thin, fibrin thrombus was noted at the point of 
perforation. In 4 hearts small, firm vegetations were encountered at 
the periphery, adjacent to the bases of these aneurysms. These vegeta- 
tions were whitish yellow and were covered by endocardium. In the 
one heart with several aneurysms they appeared in the form of soft, 
broad, oval folds with smooth surfaces covered completely by endo- 
cardium. 

The ventricular surface of the aortic leaflet of the mitral valve was 
thickened and somewhat retracted in all instances, and, in 4, organizing 
and organized vegetations covered by endocardium were found. On 
the ventricular surface of this leaflet, corresponding to the aneurysms 
which bulged towards the atrium, were small, round defects with smooth 
but thickened margins. These defects formed the openings into the 
aneurysms. The defects or entrances into the aneurysmal cavities were 
much smaller than the aneurysms themselves. When the aneurysms 
were incised, cavities were encountered containing blood or small 
thrombi which were only loosely attached to the wall of the aneurysm. 

Portions of the aneurysms were examined histologically. A number 
of sections were cut from the involved leaflet and aneurysmal wall. The 
sections were stained with hematoxylin and eosin, iron hematoxylin, 
orcein, and according to the van Gieson method. Also the Giemsa stain 
was used when deemed necessary. 

In the microscopic description the nomenclature of the various layers 
of the mitral leaflets as used by Gross and Kugel ^ will be adhered to. 
The ventricularis of the aortic leaflet of the mitral valve adjacent to 
the aneurysm disclosed thickened elastic lamellae. In the region of 
the aneurysm, however, the lamellae were thinned out, and splitting 
of the elastic fibers was noted. Between them was a cellular connective 
tissue with a few l3nnphocytes and endothelial leukocytes. The fibrosa 
which normally forms the predominate part of the leaflet was severely 
reduced. The parallel arrangement of the collagenous fibers could not 
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be made out. Certain fibers were much thicker than is normal while 
others were replaced by young connective tissue. A moderate number 
of lymphocytes and endothelial cells were present. 

A few newly formed blood vessels were encountered, some of which 
were dilated to form small blood sinuses. No distinct spongiosa was 
recognized, the thinned-out fibrosa being covered directly by the auric- 
ularis. Whereas normally, as Gross and Kugel" stated, a continuation 
of the endocardial smooth muscle can usually be traced down the auric- 
ularis layer, covered by auricularis elastic lamellae, no evidence of 
smooth muscle was present in the region of the aneurysm. The elastic 
fibers were broken, thinned out, poorly stained, and often split into 
thin fragments which formed irregularly outlined masses of elastic 
tissue. Inflammatory cells were more numerous in this layer than in 
other portions of the wall of the aneurysm. A few poljmiorphonuclear 
leukoc3d:es in addition to endothelial leukocytes and lymphoc3d;es were 
encountered. The endothelial layer over the aneurysm was intact. 
However, the normally present jelly-like zone between the endothelial 
layer and most superficial elastic fibers could not be seen. At the very 
tip of the convexity of the aneurysms only a small amount of thin col- 
lagenous tissue was seen, covered by endothelium. 

Microscopic sections taken from various other portions of the valve 
disclosed granulation tissue and scar tissue. Organized and organizing 
vegetations were present. Often granulation tissue was noted at the 
base of the vegetations while their more distal parts consisted of fibrin 
with polymorphonuclear leukocytes and much bluish-staining amor- 
phous material. The latter contained no bacteria but gave the staining 
reaction of calcium salts as was described in a previous study.® Some 
of the vegetations were completely organized and covered with en- 
dothelium. 

To summarize the foregoing: In 5 instances of subacute bacterial 
endocarditis true aneurysms were found on the mitral valve. These 
aneurysms were definitely not “thrombo-aneurysms” (Ribbert^), or 
false aneur3rsms, but the result of valvulitis with consequent formation 
of granulation tissue and scar tissue which succumbed to intraventricu- 
lar pressure with the formation of sac-like outpouchings. Four of the 
5 aneurysms had a recent tear at the tip of their convexity. 

As stated above, these 5 valvular aneurysms were encountered among 
53 patients with subacute bacterial endocarditis. These aneurysms 
were encountered between 1943 and 1946. In none of 41 hearts with 
subacute bacterial endocarditis observed between 1935 and 1943 were 
true aneurysms found. False aneurysms (thrombo-aneurysms) were 
found 7 times in this period. The 5 true valvular aneurysms were noted 
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in 5 of 12 hearts with subacute bacterial endocarditis in the autopsy 
material from 1943 to 1946. In order to find factors which could ex- 
plain the increased incidence of these aneurysms, the records of the 
patients presenting these lesions were reviewed and compared with 
those of previous years. No difference was noted in the early clinical 
picture of the disease and in the general pathologic changes in the two 
groups. The organism most frequently found in the blood was Str. 
viridans. However, in those instances in which valvular aneurysms 
were observed, the patients had received massive doses of penicillin 
associated sometimes with sulfonamide drugs and heparin. The clinical 
course of these patients was more protracted and 2 had been pro- 
nounced cured. Previous to 1943 the treatment was mainly palliative 
and symptomatic, and such chemotherapy as was used had been in- 
adequate. 

From the histologic examination of the aneurysms it seems clear that 
the healing process of the valvulitis formed a locus minoris resistentiae. 
The changes were found principally in the zona fibrosa of the valve 
which normally constitutes its largest part. This region, being replaced 
by granulation tissue and young scar tissue, succumbed to the intra- 
cardiac pressure and formed the aneurysms. 

Paradoxical as it may seem, these aneurysms thus may be regarded 
as evidence of healing and indicate at least partially successful treat- 
ment of patients with subacute bacterial endocarditis. Libman and 
Frledberg,^ in their monograph on subacute bacterial endocarditis, men- 
tioned the presence of mycotic aneurysms not only in the arterial 
system but also on the heart valves. They did not classify these aneu- 
rysms into true or false aneurysms. However, from their gross descrip- 
tion of the aneurysm of the aortic valve as “ballooning of the cusp” and 
from the accompanying picture it is clear that they found true aneu- 
rysms, although there are no microscopic descriptions of them. It is 
noteworthy that these authors found such aneurysms in the so-called 
bacteria-free stage of subacute bacterial endocarditis. It seems to us 
that “bacteria-free stage” implies some progress towards healing. These 
authors also mentioned an instance of “ballooning of the aortic cusp” 
in a patient who died 8 years after an attack of subacute bacterial 
endocarditis. Rosenblatt and Loewe^® described, in an instance of 
healed subacute bacterial endocarditis, an aneurysm-like sac in the aorta 
just above the attached margin of one of the cusps of the aortic valve. 
The base of the right auricular appendage covered the roof of the 
aneurysm. Although the authors Relieved that this aneurysm consti- 
tuted a congenital anomaly, from tfie foregoing it seems that this lesion 
might very well have been a tjrue mycotic aneurysm as here described, 
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and thus evidence of healing or healed subacute bacterial endocarditis. 

In 4 of the 5 patients in this series the aneurysms had ruptured. 
Since the aneurysms were located on the mitral valve, the rupture ob- 
viously caused an insufficiency of this valve or increased a pre-existing 
insufficiency. From the gross and histologic appearance of these rup- 
tured areas it is obvious that the ruptures must have occurred shortly 
before death. It is likely that the suddenly increased burden upon the 
myocardium was a contributing and final factor in the death of these 
patients. 

Modern treatment has altered the mortality rate of subacute bacterial 
endocarditis. This is due to the fact that the infectious agents of this 
disease are made innocuous. It has been shown that some of the patients 
treated successfully as far as the infection was concerned, died some 
time later because of the concomitant myocardial damage.® This study 
shows that some of these patients may die as the result of valvular 
aneurysms incident to the use of the newer therapeutic methods. 

Summary 

True aneurysms of the mitral valve, mycotic in nature, have been 
noted 5 times among 12 patients with subacute bacterial endocarditis 
during the period between 1943 and 1946. These patients had been 
treated with various sulfonamide drugs, heparin, and penicillin. Among 
41 patients with subacute bacterial endocarditis autopsied between 
1935 and 1943 there was not a single instance of true aneurysm. Gross- 
ly, the aneurysms resembled broad-based, healed vegetations. Only on 
palpation was their nature recognized. These aneurysms are the re- 
sult of a circumscribed valvulitis with consequent granulation tissue 
and young scars which, due to intracardiac pressure, formed sac-like 
outpouchings. All of these aneurysms were covered by the valvular 
endothelium. Four of them had ruptured shortly before the death of 
the patient. The sudden increase of incompetence of the mitral valve 
was a contributory factor in the death of these patients. These aneu- 
rysms are considered as evidence of healing of the valvular lesions in 
subacute bacterial endocarditis. Their increasing frequency may be 
attributed to the use of modern therapeutic agents. 
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DESCRIPTION OF PLATES 


Plate i6 

Fig, I. Aneurysm of the mitral valve. The area of perforation disclosed a small 
thrombus. 

Fig. 2. Aneurysm of the mitral valve. Healing vegetations surround the aneurysm. 
Fig. 3. The aneurysm shown in Figure 2, moderately enlarged. 
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Plate 17 


Fig. 4. Multiple aneurysms of the mitral valve. 

Fig. 5. Ventricular aspect of one of the aneur>*snis (entrance into the aneurysm). 
Of note arc the partially organized vegetations just above the opening into 
the aneur\'sm and on the aortic valve. 

Fig. 6 . Ventricular aspect of the aneury’sm, showing the smooth margin. 
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Aneurysms of the Mitral Valve 



Plate iS 

Fig. 7. Section of the mitral valve adjacent to the aneurysm. Of note are the 
small-sized blood vessels and inflammatoiy* cells. Iron-hematoxylin and cosin 
stain. X 150. 

Fig. S. Mitral valve, region of the aneurx’sm. Granulation tissue is present. Iron- 
hematoxx’lin and eosin stain. X 300. 

Fig. 9. Mitral valve, auricular aspect. Of note are the fibroblasts in the region of 
the aneurx’sm, and the normal covering by endothelium. Iron-hematoxylin 
and eosin stain. X 150. 

Fig. 10. Blood sinuses are present in the region adjacent to the aneuiysm, Iron- 
hematoxj’lin and eosin stain. X 150. 

Fig. II. Mitral valve, region of the aneurj'sm, showing splitting of the elastic 
lamellae and the intact zona auricularis. Iron-hematoxxdin and eosin stain. 
X 150. 
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Aneurysms of the Mitral Valve 




VIRUS MYOCARDITIS 

Pathologic and Experimental Studies * 

Edward C. H. Schmidt, MD. 

{From the Department of Pathology, St. Luke's Hospital, Kansas City, Mo.) 

In 1899 Fiedler ^ described isolated myocarditis in man, and a care- 
ful review of the literature since that time discloses many reports of 
this condition in both man and animals. Moreover, a long list of bacte- 
rial and other agents have been suggested as etiologic factors in many 
of these reports. The lesion has been recorded under a variety of 
names; for example, Fiedler’s myocarditis, myocarditis of unknown 
etiology, allergic, isolated, primary, interstitial, circumscribed, diffuse, 
and idiopathic myocarditis. The microscopic findings in these recorded 
cases have stressed polymorphonuclear and mononuclear interstitial in- 
filtration, often with necrosis of myocardial fibers. 

Since Fiedler’s original description,^ myocarditis apparently has been 
produced under variable conditions in several different laboratory ani- 
mals but without sufficient changes for gross identification. In 1924 Mil- 
ler ^ described a myocardial lesion occurring in 60 per cent of 34 rabbits 
which had been known to be otherwise healthy for periods varying from 
2 to 124 days. Microscopically, these lesions consisted of lymphocytes 
and endothelial leukocytes, and only occasionally were polymorphonu- 
clear eosinophils, plasma cells, and fibroblasts seen. Spontaneous myo- 
carditis with slight inflammatory changes was reported in about 30 
per cent of one series of Swiss strain mice.^ Myocarditis has been found 
in middle-aged rhice, between 10 to 20 months of age, accompanied by 
pleuropericardial hemorrhage and frequently by testicular hemorrhage. 
Furthermore, inoculations of heart tissue from 7 mice with myocarditis 
into 74 other mice by various methods were without results, nor could 
a causative agent be isolated.^ Torres ® described spontaneous inter- 
stitial myocarditis in apparently healthy dogs. The cellular infiltrations 
were chiefly perivascular in distribution and were composed of lympho- 
cytes, macrophages, and ameboid wandering cells. Other investigators 
have described myocarditis in animals occurring in cases of both min- 
eral and protein deficiencies.®’"^ 

In 1942, French and Weller ® described interstitial myocarditis oc- 
curring in human beings, rabbits, rats, and mice following the use of 
neoprontosil, sulfanilamide, sodium sulfapyridine, and sodium sulfa- 
thiazole. The cellular infiltration of this lesion consisted of large mono- 
nuclear cells of clasmatoc5d;ic type and numerous cells with granular 

♦Received for publication, April 7, 1947. 
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eosinophilic cytoplasm, a few of which were polymorphonuclear. Ex- 
perimentally, they produced the disease in 38 of 60 mice and in 33 of 
40 rats. Spontaneous myocarditis occurs occasionally in rabbits, and 
Pearce ° was able to produce myocardial lesions consistently in rabbits 
by introducing a solution of acacia immediately prior to inoculation of 
vaccine virus, the myxoma virus, or two strains of the fibroma virus. 
He obtained cardiac lesions with necrosis and an inflammatory reaction 
which differed only slightly from virus to virus. In 1945 Finland and 
co-workers isolated the influenza A virus from the lungs of 2 patients 
dying of interstitial myocarditis. The heart fibers showed focal necrosis 
and invasion by large mononuclear cells. The interstitial tissues were 
infiltrated with large mononuclear cells, lymphocytes, plasma cells, 
eosinophils, and polymorphonuclear leukocytes. In 1945 Helwig and 
Schmidt isolated a virus from a group of anthropoid apes dying from 
interstitial myocarditis and produced myocardial lesions consistently 
in mice. This report is concerned with further investigations and anal- 
ysis of this virus. 

Isolation of the Agent 

While stud)dng the causes of death of the animals at the Anthropoid 
Ape Research Foundation at Dania, Florida, 3 cases of interstitial 
myocarditis were encountered. The first occurred in November, 1944, 
in an adult male gibbon. This animal had been placed in a prominent 
cage in the farm where many visitors were in fairly close contact with 
it for several weeks prior to its demise. However, for 10 days before 
death it had been fairly well sheltered from visitors. No signs of illness 
were observed until death occurred suddenly and unexpectedly. Autopsy 
revealed a dilated heart, a slightly blood-tinged pericardial effusion, 
bilateral hydrothorax, and marked pulmonary edema. An intense inter- 
stitial myocarditis was found on histologic examination. No gross or 
microscopic lesions were found in the brain. The spinal cord was not 
examined. No attempt was made to recover the etiologic agent. 

The second case was encountered in February, 1945, in a well devel- 
oped, well nourished, 5-year-old male chimpanzee. This animal had 
been displayed at the entrance to the farm where it was in close con- 
tact with visitors, many of whom petted the animal. One morning this 
chimpanzee vomited its breakfast and died suddenly. Late in the after- 
noon the body was placed in a refrigerator at about 40° F. The follow- 
ing morning it was examined. The pertinent findings were massive bi- 
lateral hydrothorax with slightly pink but clear fluid, distention of the 
pericardial sac with clear fluid, wide dilatation of all chambers of the 
heart, and marked bilateral pulmonary edema. Microscopic examina- 
tion of the heart revealed many minute foci of necrosis with an infiltra- 
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tion of lymphocytes and scattered polymorphonuclear leukocytes, and 
pyknotic nuclear structures. Chest fluid and a saline suspension of 
ground spleen were inoculated into mice and the virus was thus re- 
covered. 

The third case of anthropoid myocarditis was found during October, 
1945, in a 6-year-old female chimpanzee which had been on exhibition 
in the same location as the second case. This animal appeared ill for 
a period of 5 days with edema of the face, subnormal temperature, and 
dysphagia, and terminally showed considerable cyanosis and dyspnea. 
Forced feeding and intravenous fluids failed to alter the gradual decline 
of the animal to its death. 

The body had been refrigerated for more than a day at the time of 
examination. The heart was flabby, weighing 200 gm., the right ven- 
tricle was markedly dilated, and on section many grayish discolored, 
semi-softened areas were present in the myocardium of both ventricles. 
Bilateral hydrothorax of 500 cc. on the right and 550 cc. on the left, 
and a marked hemorrhagic pulmonary edema were present. Micro- 
scopic examination of the heart showed extensive necrosis and diffuse 
round-cell infiltration. In many areas the individual fibers were frag- 
mented or entirely replaced by the inflammatory infiltration consisting 
of lymphocytes, mononuclear wandering cells, and polymorphonuclear 
leukocytes. The brain and spinal cord revealed no gross or microscopic 
abnormality. Mice inoculated with this pleural fluid failed to develop 
any of the tjpical lesions. 

The etiologic agent was recovered from the second case by inoculat- 
ing two groups of 5 mice, one group with chest fluid and the other with 
spleen suspended in saline solution. All 10 animals died following 
paralysis of the hindquarters. A suspension of lungs, hearts, and spleens 
from these animals was inoculated into 10 other mice intravenously 
. and intracranially. These animals were all paralyzed on the 4th day 
and dead by the 8th day. These two series of experiments were re- 
peated by inoculation with the original fluids, and the organs from the 
second series suspended in saline solution formed the basic inoculum 
with which all subsequent studies were conducted. The virus from the 
second group was passed through 10 successful mouse passages before 
it appeared to lose its potency to any degree. The mice all followed a 
very characteristic course manifested by paralysis on the 4th or 5th 
day and death on the 7th to loth day. 

Types of Lesions 

In order to study the chronologic development of the disease, a 
group of 26 mice was inoculated simultaneously and the tissues studied 
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microscopically at various intervals. The animals appeared quite well 
for 2 days; then on the 3rd day many developed rough coats. On the 
4th and sth days approximately one-half developed paralysis of the 
hind legs and by the 9th day all except 2 had developed paralysis. The 
paralysis increased in severity until the mice lost all function of the 
hindquarters and dragged them behind the rest of the body, as in the 
paralysis caused by the Theiler virus.^” Finally most of the trunk 
muscles were involved. In early experiments most animals died by the 
8th day. In this series 9 were dead by the Sth day and some lived as 
long as 37 days before being sacrificed. The cardiac lesion varied with 
the period of inoculation. The earliest microscopic change was a mild 
perivascular monocytic infiltration in the heart muscle. About the 6th 
day small necrotic foci appeared in the myocardium with monocytic 
infiltration of the surrounding areas. The muscle fibers were separated 
by edema fluid and cellular infiltrates. Three days later, in addition to 
the early inflammatory changes, necrosis became more extensive and 
fibroblasts began to appear. In small foci the muscle was entirely re- 
placed by mononuclear cells and fibroblasts. This was the usual condi- 
tion of the myocardium in mice succumbing to the virus. Animals 
sacrificed or dead on the 9th or loth day frequently showed marked in- 
volvement of the auricles. Hearts of animals which survived to the 
nth or 12th day had lymphoc5rtes and fibroblasts in increasing num- 
bers. The heart muscle in a period from the Sth to 12 th day was ex- 
tensively involved, frequently throughout the whole myocardium. Cal- 
cification was seen as early as 10 days and was very common after the 
1 2 th or 13th day, appearing as small granules in the necrotic foci. 
These granules of calcium usually were arranged in the pattern of the 
necrotic muscle fibers and frequently appeared while an acute inflam- 
matory reaction was still in progress. After 20 days fibroblastic re- 
placement and calcification were often the only remnants of the dis- 
ease, It was interesting to note that if a mouse survived to the 12 th 
day, recovery was the rule. 

The same inoculum produced a somewhat different process in guinea- 
pigs. Thirteen healthy mature guinea-pigs were injected with o.i cc, of 
egg inoculum and sacrificed at the indicated periods. Most escaped 
clinical stigmata of the disease entirely; only one died and that death 
followed delivery of a small fetus. Seven showed advanced microscopic 
myocardial changes and 4 had slight or questionable infiltrates. The 
earliest lesion was seen at 4 days and minute changes were seen as late 
as 92 days. In temporal spread, the heart lesions were much more 
persistent and prolonged than in mice. Whereas the acute phase rarely 
was seen after 6 to 18 days in mice, it often was seen as late as 30 to 35 
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days in guinea-pigs. The microscopic picture of the heart was similar 
to that in mice. Foci of necrosis were not as marked but the inflamma- 
tory infiltration of the muscle was as widespread and calcification of 
muscle fibers as distinct. 

Hamsters were susceptible to the virus and developed a disease simi- 
lar to that seen in mice. Four hamsters were inoculated with mouse 
organs suspended in saline solution. In lo days they had rough coats, 
paralysis of the hind legs, and appeared quite ill. Despite the apparent 
severity of the disease none died and only 2 showed myocarditis when 
sacrificed following recovery from the paralysis. Two attempts to pass 
the virus from these hamsters to other hamsters were unsuccessful. 

Rabbits were not very susceptible to the virus. Twenty-one rabbits 
were inoculated with the original chest fluid, a suspension of original 
ground spleen, various suspensions of mouse organs and egg inocula. 
Two of the rabbits which were inoculated with the original chest fluid 
had myocardial changes. One showed areas of necrosis and infiltration 
with polymorphonuclear leukocytes and large monocytes; the other 
showed granular degeneration of the myocardial cytoplasm. Three 
other rabbits had slight perivascular lymphocytic accumulations but 
exhibited no definite myocardial changes. One rabbit had lipomatosis 
destruens of the heart after paralysis of the hindquarters which varied 
in intensity and finally cleared. Detailed microscopic study of the cen- 
tral nervous system did not reveal any change to account for the 
paralysis. Eleven of these rabbits had serial electrocardiograms. Sev- 
eral showed transient T-wave changes, but no persistent defects could 
be followed. 

Two groups of rats were injected with different potent inocula with- 
out the development of either paralysis or cardiac lesions. 

Lesions of Other Organs 

The cardiac lesions received special attention in this study and were 
taken as the criterion of activity of the virus. However, lesions of or- 
gans other than the heart were encountered occasionally. The brain, 
liver, and lungs were examined routinely. The spleen and kidneys also 
were sectioned in a majority of the cases. Of the organs other than the 
heart, the central nervous system was affected most frequently, l\Iye- 
litis was most marked in the period from 4 to 10 days following in- 
oculation when the paralysis was most severe. Sections through the 
spinal cord at this time showed extensive destruction of all of the outer 
neural elements with invasion of mononuclear cells and a few poly- 
morphonuclear leukoc3ffes which frequently clumped beneath the 
meninges. The ganglion cells apparently were not involved by the ex- 
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tensive myelitis. In this period and somewhat later, foci of encephalo- 
myelitis could be seen in the brain. These areas were frequently be- 
neath the meninges and tlie outer portion of the brain where they were 
manifest by groups of mononuclear cells. Frequently there was peri- 
vascular cuffing of adjacent vessels. No encephalitis was encountered 
in the guinea-pigs. 

The lungs revealed a variety of minor lesions. Hyperemia was en- 
countered occasionally and often it was accompanied by pulmonary 
edema which was quite irregular in its distribution. A round-cell 
thickening of the intra-alveolar septa was encountered and a very small 


Table I 
Total Injections 



Ascitic 

Saline 

A?icilic- 

saline 

SCTUTO- 

saline 

Glycerinated 

saline 

Other* 

Mice 

73 

52 

53 

34 


28 

Guinea-pigs 

15 


21 

2 

4 

a 

Rabbits 

i 

7 

1 

7 

s 

2 

2 



* This group includes several animals which were inoculated with pleural fluid and tissue 
fluid. 


proportion of the animals showed bronchopneumonia in addition to the 
interstitial pneumonic reaction. This interstitial reaction with edema 
was seen also in guinea-pigs within 3 weeks of inoculation but was not 
seen later. Occasionally the spleen was grossly enlarged to two or three 
times the size encountered in control animals. Microscopic examination 
of the spleen often showed hyperplasia of the lymphoid follicles. A few 
mice and guinea-pigs had small foci of round cells collected in the med- 
ullary portion of the kidneys and interstitial nephritis was seen in 2 
guinea-pigs. The livers occasionally showed moderate venous conges- 
tive changes and rarely cloudy swelling was present also. 

Virulence of the Agent 
Media 

Several different media were used to store the virus (Table I). The 
isolation was accomplished with saline suspensions; however, over a 
period of 10 days’ storage the saline suspensions lost some of their po- 
tency. Berkefeld or Seitz filtrates in ascitic or 10 to 50 per cent saline- 
ascitic mixtures retained potency longer than the saline suspensions. A 
10 per cent saline-serum mixture proved as effective as ascitic combina- 
tions. Buffered glycerinated saline solution proved an effective carrier 
in a limited number of inoculations. A summary of inoculations in mice 
follows; 
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NinctCGD expected potent Escitic suspensions produced myocErditis 
in 17 groups. 

Ten expected potent saline inoculations produced myocErditis in 8 
groups. 

Eight serum-saline expected potent inoculations produced myocardi- 
tis in 8 groups. 

Six expected potent ascitic-saline inoculations produced myocarditis 
in 6 groups. 

Three glycerinated saline expected potent inoculations produced 
myocarditis in 3 groups. 

Six expected nonpotent inoculations produced no myocarditis. 

Controls 

Numerous control groups were studied. Following the isolation of 
the virus^ organs from 5 other anthropoids were inoculated into mice in 
the same manner used in isolating the agent. Five groups of 4 mice 
each, were inoculated. None of these developed paralysis nor were any 
myocardial changes noted at autopsy. Two more groups of mice were 
inoculated with ground heart suspensions from 2 patients, one dying of 
acute interstitial myocarditis and the other of rheumatic myocarditis. 
These animals did not have any demonstrable lesions when sacrificed. 
Three groups were injected with sera from persons suspected of having 
influenza without the development of any signs of illness or lesions at 
autopsy. 

Various mice were examined at random from the colony and myo- 
carditis was not encountered in any uninoculated animals. 

Character of the Agent 

The nature of the agent became apparent when a suspension of it 
could be passed through Seitz and Berkefeld N filters without loss of 
potency. Following the second passage through mice, attempts were 
made to culture organisms from the suspension following filtration. 
The inocula from 3 successive passages were cultured on all ordinary 
media for bacteria and yeasts. All of these proved sterile. Only a few 
passages were made without the virus being passed through a Berke- 
feld N candle, a Seitz filter, or a Swinney modification of the Seitz 
filter. 

A suspension of mouse hearts in serum-saline solution heated to 
70® C. for 20 minutes and potent amniotic fluid heated to 70° C. for 
20 minutes were injected intravenously and intraperitoneally into 2 
groups of 4 mice each. Neither of these groups developed character- 
istic lesions. A third group of 6 mice was injected, 2 intravenously, 2 
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intraperitoneally, and 2 intracranially, with potent ascitic saline sus- 
pension heated to 56° C. for 20 minutes. One inoculated intraven- 
ously and one inoculated intraperitoneally developed transient paralysis 
from the 4th to the 6th day. On the 8th day all were paralyzed. None 
died and at autopsy only 2 had cardiac lesions and these were only 
moderate. 

Due to the limited facilities at hand, the material was stored in a 
refrigerator freezing unit which maintained a fairly constant tempera- 
ture at —19° C. The agent retained its potency when stored in the 
various media for periods as long as 2 months, as indicated by the de- 
velopment of paralysis, myocarditis, and encephalitis following inocu- 
lation. Longer periods could not be determined because of mechanical 
difficulties. 

The routine methods of inoculation were intravenously at the base 
of the tail or intraperitoneally. Intracranial inoculations were used fre- 
quently at the beginning of this study, but as they caused rapid paraly- 
sis and death before the cardiac lesion was fully developed, other por- 
tals seemed more suitable. Nine mice were inoculated by appl3dng the 
inoculum to the nasal orifices and forcing the mice to breath through 
the material. All of these mice showed the most advanced myocardial 
lesions, following a typical course with paralysis. Eight other mice 
were inoculated in the same manner except that nasal washings from a 
paralyzed mouse were used to carry the virus; 5 of these developed 
cardiac lesions, while 3 showed no clinical signs of the disease. 

The ability of the agent to develop immune bodies was demonstrated 
by a positive protection test using the sera of mice recovered from 
paralysis combined with potent virus at the time of inoculation. Sera 
from 2 rheumatic fever patients afforded no protection in 2 mouse 
protection tests. Yellow fever vaccine injected 2 weeks prior to inocu- 
lation provided no protection for 6 mice. 

The virus was apparently widespread since it could be transmitted 
by suspensions of brain, heart, kidney, and spleen, or by nasal secre- 
tions. Moreover, its potency did not vary markedly from organ to 
organ. 

The allantoic sacs of chicken eggs were used in several passages. One 
group of 4 7-day-old eggs opened on the third day following inocula- 
tion and passed through a Berkefeld filter proved to be the most potent 
inoculum. This suspension was used extensively. It produced lesions 
in mice regularly, but could not be successfully transmitted through 
sggs again. Two other groups of 7"day-old eggs were successfully in- 
oculated with development of potent allantoic fluids. Five other such 
groups did not develop the virus in a transmittable form. 
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Comment 

Isolated myocarditis is described by Saphir in an exhaustive and 
admirable review as exhibiting more or less diffuse inflammatory 
changes in the myocardium of wide variety and of various causes, hav- 
ing in common principally an isolated involvement of the myocardium 
by a nonspecific lesion without inflammatory change of the endocar- 
dium or the pericardium. The myocardial lesions described by various 
observers as interstitial myocarditis differed from animal to animal and 
from one etiologic agent to another. The lesions noted by these au- 
thors varied from round-cell infiltration, often perivascular in distribu- 
tion, to advanced inflammatory reactions with necrosis and pol5mior- 
phonuclear infiltration. 

The myocarditis produced by the virus isolated by us from a chim- 
panzee varied considerably during different stages of the illness. In 
mice the first stage observed was slight myocardial perivascular round- 
cell infiltration, which occurred at about the same time as the onset 
of paralysis. In the period from 6 to 10 days after inoculation, necro- 
sis of heart muscle and polymorphonuclear infiltration appeared. Cal- 
cification appeared at 12 to 14 days with a patchy distribution of fine 
granules, which seemed to coalesce in the later stages when fibroblastic 
replacement of tlie myocardium was developing. The widespread inter- 
stitial reaction, occasionally extending from the endocardium to the 
pericardium and often occurring in both auricles and ventricles, was a 
characteristic reaction with the chimpanzee agent. This agent also had 
a primary or secondary affinity for the central nervous system in the 
smaller rodents, and myelitis of the spinal cord was a consistent finding 
in paralyzed mice. 

Warren and Smadel have maintained the virus by intracerebral 
inoculations and have found it highly neurotrophic. In mice, encephali- 
tis developed rapidly and some died within 24 hours. The agent was 
quite potent when inoculated either intraperitoneally or intracerebrally 
in extreme dilutions. As in my experiments, myocarditis was not ob- 
served in the rapidly dying animals but extensive focal necrosis was 
found when the illness ran a more prolonged course. The guinea-pigs 
inoculated by Warren and Smadel did not develop myocarditis but 
showed only a febrile reaction following intracranial inoculation. 
Guinea-pigs, rabbits, and a rhesus monkey developed specific anti- 
bodies during convalescence. Attempts to establish immunologic rela- 
tionships between this virus and 15 known viruses were unsuccessful 
in their hands. 

In my experiments, the site of inoculation, with the exception of the 
intracranial route, did not appear to affect the lesion produced by this 
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virus. That the method of inoculation possibly affected the localization 
of the lesion is further suggested by the fact that myocarditis was pro- 
duced in 17 of 2 2 guinea-pigs in my series inoculated intraperitoneally 
and intravenously, whereas it was absent in those inoculated intra- 
cranially by Warren and Smadel.^'* 

A major concern in my early experiments was that perhaps the inocu- 
lations had activated a latent virus in the mouse colony, since the 
paralysis seen in these animals resembled that described by Theiler 
in spontaneous encephalomyelitis of mice. However, it was suggested 
that these were different agents because of the fact that the chimpanzee 
agent could be transmitted by many different methods and not only by 
the intracranial and intranasal routes as was observed with the Theiler 
virus, and also because of the rapidity with which paralysis developed 
in my animals. Later experiments at the Army Medical Center showed 
that there was no demonstrable immunologic relationship between the 
chimpanzee agent and Theiler’s virus. 

Despite the ready passage of the chimpanzee agent into mice when 
inoculated by a variety of methods, neither myocarditis nor encephali- 
tis was seen in any control animal. In 9 injected groups, a control un- 
injected mouse was placed in the same cage with the experimental mice 
inoculated with the agent. None of these showed signs of disease, nor 
were any microscopic lesions found in these animals at necropsy. 
Thirty-nine other mice, which were either inoculated or injected with 
nonpotent material, did not develop any stigmata of the disease. 

The isolation of an agent from an anthropoid ape gave rise to the 
belief that perhaps this was the etiologic agent of interstitial myocar- 
ditis in man. This impression was somewhat strengthened when a mem- 
ber of our laboratory personnel developed signs and symptoms of car- 
diac disease with an elevated sedimentation rate and slight transient 
electrocardiographic changes. The electrocardiographic tracing re- 
verted to normal in 2 days and the sedimentation rate decreased slowly. 
However, other members of the laboratory who were subjected to more 
extensive exposure remained healthy. Neutralization tests performed 
on 4 people handling these sick anthropoids and working with the virus 
were negative. One chimpanzee, which had been next to a chimpanzee 
with myocarditis, showed a small amount of neutralization antibody. 
This suggests that the chimpanzee agent has little or no pathogenicity 
for man. 

Summary 

I. An agent was isolated from a chimpanzee dying of interstitial 
myocarditis which produced myocarditis and encephalitis in mice and 
hamsters and myocarditis in guinea-pigs. 
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2. This virus produced a range of cardiac lesions from slight peri- 
vascular lymphocytic infiltration to advanced myocardial necrosis and 
polymorphonuclear infiltration. 

3. The agent was found to be potent and specific when introduced 
intravenously, intraperitoneally, subcutaneously, intracranially, and 
by intranasal instillation. It seemed to be widespread in various or- 
gans since it could be transmitted by suspensions of a variety of 
viscera. 

4. This virus has not been identified with any of a variety of known 
viruses by various biologic tests. 

5. The morphologic findings in the heart in this disease duplicate to 
a remarkable degree the myocardial lesions found in human heart 
muscle in several virus diseases in patients in whom clinical manifesta- 
tions were observed prior to death. 

Recently Smadel (Smadel, J. E., Medical Department Symposium, Army Medical 
Center, Washington, D.C., June 5, 1947) reported that stored frozen sera collected 
from a group of soldiers with “three day fever” in Manila in December, 1945, gave 
positive results in neutralization tests for this agent. During the course of the illness 
the antibody titer increased and was highest during convalescence. 

I wish to thank Dr. Ferdinand C, Helwig for his guidance and suggestions, and 
the United States Army Institute of Pathology for the photomicrographs. 
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DESCRIPTION OF PLATES 


Plate 19 

Fig. I. Heart of an adult male gibbon. There is widespread involvement of the 
myocardium with areas of necrosis. Hematox>’lin and eosin stain. X no, 
(Army Institute of Pathology accession no, 145645; neg. 8960S.) 

Fig. 2. Higher magnification of a field from Figure i. Hematosy'hn and eosin 
stain. X 350, (A,I.P. acc, 145645; neg. 89609.) 
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Plate 20 

Fig. 3. Five-year-old male chimpanzee. The myocardium is invaded with lympho- 
cytes. Hematoxylin and eosin stain. X 380. 

Fig. 4. Mouse heart on the 6th day of inoculation. Edema and round-cell infiltra- 
tion are present. Hematoxylin and eosin stain. X 350. (A.I.P. acc. 145645; 
neg. 89603.) 
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III 



Flats 


Fig. 5. Mouse heart on the loth day of inoculation ■with mononuclear infiltration 
and early fibroblastic replacement. Hematoxylin and eosin stain. X 350. 
(A.I.P. acc. 145645; neg. 89601.) 

Fig. 6. Mouse heart on the loth day following inoculation, illustrating the marked 
auricular involvement at this stage. Hemato.vylin and eosin stain. X no. 
(A.I.P. acc. 145645; neg S9602.) 

Fig. 7. Mouse heart on the 12th day following inoculation. Many fibroblasts are 
present. Hematox\*lin and eosin stain, x no. (A.I.P. acc. 145645; neg. 
89647.) 
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Plate 21 
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Plate 22 


Fig. 8. Mouse heart on the 13th day following inoculation. Calcification of the 
necrotic muscle fibers has taken place. Hcmatox>'lin and eosin stain. X no. 
(A.I.P. acc. 145645; neg. S9600.) 

Fig. Q. Guinea-pig heart 17 days following inoculation. The marked calcification 
is characteristic of the reaction in this animal. HematoxA'lin and eosin stain. 
X 350. (A.I.P. 145645; neg. 89593.) 










Plate 23 

Fig. 10. Spinal cord of a mouse which died on the 10th day following inoculation. 
The peripheral myelitis with perivascular cuffing is cvddent. Hematoxylin and 
eosin stain. X no. (A.I.P. acc. 145645; neg. 89649.) 

Fig. II. Higher magnification of a field from Figure 10. Hemato.x>'Iin and eosin 
stain. X 350. fA.I.P. acc. 145645: neg. 8964S.) 
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HISTOLOGIC CHANGES IN RICKETTSIALPOX* 

Vera B. Dolgopol, M.D. 

(From the Pathologic Laboratories of the Willard Parker Hospital, New York p, N,Y,) 

A new rickettsial disease was recognized in July^ 1946^ following an 
outbreak of an epidemic in one of. the boroughs of New York City 
(Shankman^). This mild febrile disease with an eruption not unlike 
atypical chickenpox was named “rickettsialpox.” 

Greenberg and Pellitteri ^ of the New York City Health Depart- 
ment identified the disease as a separate entity. Huebner, Stamps, and 
Armstrong ® of the National Institute of Health established the rickett- 
sial etiology of the disease and developed a diagnostic complement- 
fixation test. Huebner, Jellison, and Pomerantz ^ traced the vector of 
the infection, a rodent mite {^AllodeTmanyssus sanguineus^ , and the 
reservoir, the domestic mouse. The clinical picture was reported by 
Shankman ^ and by Greenberg, Pellitteri, Klein, and Huebner.^ 

The disease is characterized by fever of about i week’s duration and 
a maculo-papulo-vesicular rash. The eruption may be present on any 
part of the body, including the face, but the palms and soles are rarely 
affected by the rash. Occasionally the lesions may appear on the oral 
mucosa. Many patients suffer from photophobia and sore throat. En- 
largement of Ijmiph nodes and spleen occurs in some cases. 

The majority of patients also have an initial lesion which develops at 
the location of the bite of the mite. It is usually found in some area 
covered with clothing or with hair (Shankman ®), but none of the pa- 
tients has felt the bite. The lesion is a dark red papule from 0.5 to 
1.5 cm. in diameter at the base, with a deep-seated vesicle filled with 
fluid which is clear at first, but later becomes cloudy. The vesicle 
dries to a black eschar. The initial lesion persists for about 3 weeks. 
A scar remains after the sequestration of the eschar. Clinical mani- 
festations of the disease begin i week after the appearance of the ini- 
tial lesion. _ 

Report of Cases 

Biopsies of skin were made on 6 patients, and a lymph node was 
excised in one case. Three patients who were admitted to the W'lllard 
Parker Hospital during the original investigation of the disease had 
resided, permanently or temporarily, in the area where the disease was 
prevalent. Three other patients who became ill several months later 
lived in other parts of the city, had never been in the locality of the 
epidemic outbreak, and had had no contact with anyone having a dis- 
ease with an eruption. 

* Received for publication, August 9, 194? • 
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M, K. was a white female, 20 years old. Her mother became ill on July 7, 1946, 
and recovered 10 days later. The patient noticed a lesion resembling an insect 
bite on her left shoulder on July 15. On July 22 she had a headache; on July 23, 
fever, loss of appetite, and pains in the muscles. On July 24 she bad shaking chills, 
and her temperature rose to 104® F. During the next 2 days she developed photo- 
phobia, sore throat, and a rash on the neck, body, and c,xtrcmities, appearing in 
crops. She entered the Willard Parker Hospital on July 24, volunteering to co- 
operate in tlie study of the disease. 

Her temperature on admission was 103,2° F.; pulse, 100, Tlie skin was flushed, 
the conjunctivae were congested. A sparse rash was present on the trunk and 
extremities. It consisted of irregular erj'lhematous macules gradually rising to a 
central or eccentric papule surmounted by a minute vesicle sometimes covered 
with a scab. Enlarged l>'mph nodes were present in the posterior ccrvdcal region 
and in the right axilla; the spleen was 2 fingersbreadth below the costal margin. 
A browTiish crusted lesion Yz inch in diameter was present on the left shoulder. 

Laboratory Examinations. On the day of admission a specimen of blood for 
animal inoculation was obtained by Dr. Robert J. Huebner of tire National Insti- 
tute of Health. The blood count on July 27 showed 5,000 white blood cells, with 
43 per cent neutrophils, which on subsequent e.xaminations rose to 8,400 and 
8,250 white blood cells, rvith 47 and 49 per cent neutrophils. The urine on July 
27 was free of albumin, but showed a few hyaline casts; on July 29 it was free 
of casts. The blood culture taken on July 29 was sterile. The Kline test was 
negative. Agglutinations with typhoid 0 and H, parat>*phoid A and B, and brucella 
antigens were negative; with proteus OX ig, positive at 1:80. On July 31 the 
agglutinations were: typhoid 0 , positive at 1:20; typhoid H, negative; parat>’phoid 
A and B and brucella, negative; Past, tularensis, negative; B. proteus OX 19, posi- 
tive at r;2o. Chemical examination of the blood showed normal findings. 

On July 28 (seventh day of illness, fifth day of rash) a skin lesion beneath the 
right breast and a left inguinal lymph node were removed for microscopic examina- 
tion (Figs. 9 and 10). 

Course in the Hospital. The temperature W’ent down by lysis on July 28. The 
rash w'as gone on July 31 leaving a brown pigmentation, the lymph nodes were no 
longer palpable, the spleen was less firm, but still palpable. The initial lesion be- 
came a reddish brown papule. The patient was discharged on July 31. 

The specimen of blood inoculated by Dr. Robert J. Huebner ^ into 
mice and guinea-pigs produced illness in mice 9 days later. One mouse 
was killed and was found to have large abdominal lymph nodes and 
spleen. Passages from these organs produced a similar disease in other 
mice and guinea-pigs. Rickettsiae were recovered from the yolk sacs 
of fertilized eggs cultured with the brain of a mouse from the second 
passage which had been inoculated intracerebrally. Animals inoculated 
with these yolk sacs developed the same illness as those inoculated 
with the patient’s blood, and an antigen prepared from the yolk sacs 
gave a highly specific complement-fixation test with a later specimen 
of blood of this patient in dilution of 1:512, and positive reactions with 
sera of other patients in the stage of convalescence, A rising titer was 
observed where repeated tests had been made. 
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Case 2 

H. B., a white male, 34 years old, noticed a red papule on his right shoulder 
on July 17, 1946, another lesion in the left axilla on July 23, and became ill on 
July 25. The rash appeared on July 26. The highest temperature was 103° F. 
He was admitted to the Willard Parker Hospital on July 27. The rash was of the 
same character as in the first patient. There was a slight enlargement of cervical 
lymph nodes and a marked enlargement of axillary nodes. The spleen was barely 
palpable. Biopsy of the skin was performed on July 28 (Fig. 7). The patient was 
discharged on August 3, with only a few papules left. The complement-fixation 
test with the M. K. (case i) antigen 25 days after the onset of illness was positive 
at 1:320. 

Case 3 

R. R., a white female, 50 years old, stayed for 10 days in the home of her 
daughter where three members of the family were ill. She never noticed an insect 
bite and had no initial lesion. On the tenth day of her visit, on July 25, she had 
chills and fever. Between July 27 and 30 she developed a rash, first on the neck, 
later on the abdomen, with tender inguinal lymph nodes. She was admitted to 
the Willard Parker Hospital on July 30. On July 31 she had papules surmounted 
by shiny vesicles on the skin, and a nodule on the hard palate. The temperature 
was 103° F. A papulovesicular lesion from the abdomen was removed for micro- 
scopic examination (Fig. 8). The temperature became normal on August 2. She 
was discharged on August 7. 

Case 4 

M. T., a white female, 46 years old, living in a part of the city where no cases 
of the disease had previously been reported, noticed a slightly itchy “lump” over 
the right scapula on January 21, 1947. On January 26 she developed a rash on 
the face and felt sufficiently ill to stay in bed. On January 28 she was seen by a 
physician who considered the possibility of chickenpox, but on January 30 re- 
ferred her to the Willard Parker Hospital with a diagnosis of typhus fever. 

On admission, on January 30, she had a temperature of 103.4° F-i pnlse, 130; 
scattered macules and papules on the face, trunk, and extremities; and a large, 
deep red, firm nodule over the right scapula, covered with a dry, scaly epithelium. 
There was cervical and axillary lymphadenopathy, more marked on the right side. 
On January 31 the temperature was 100° F. A piece of skin containing the initial 
lesion and a macule of the rash was removed from the region of the right scapula 
(Figs. I, 2, and 3). She was discharged on February 4, with a fading rash. The 
complement-fixation test for rickettsialpox on January 31 was negative; on March 
12, positive at 1:32. 

Case 5 

L. L. was a Puerto Rican female, 23 years old. She had been in the United States 
for 3 months, living in a house infested with mice, in a part of the city where 
the disease had not been reported previously. On January 30, 1947 ? while bathing, 
she noticed a small pimple in the right inguinal region. On January 31 she had a 
headache, pain in the neck, temperature, and an eruption on the face. The follow- 
ing day she had a scattered eruption on the body. 

On admission to the Willard Parker Hospital on February 2 she had a tempera- 
ture of 99.4° F., with papules on the face, chest, abdomen, and extremities, some 
with vesicles. A small papular lesion, scratched open, was present in the right 
inguinal region. There was no lymphadenopathy. On February 3 her temperature 
was normal. A specimen was removed for biopsy from a flat papular lesion, 4 
mm. in diameter, in the right deltoid region (Figs. 4, 5, and 6). She was dis- 
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charged on February lo. Tlic complement-fixation test for rickettsialpox on Feb- 
ruary 4 was negative; on March 31, positive at 1:32. 

Case 6 

M. B. was a colored female, 44 years old, who lived in a part of the city ^yhcrc 
rickettsialpox had not been observed previously. She was admitted to the Willard 
Parker Hospital on April 24, 1947, with complaints of headache, pain in the left 
side of the neck, malaise, dizziness, mild chills, and fever of 5 days’ duration, and 
of a mild rash on the face and back which had appeared on the preceding day. 
The temperature on admission was 100.4° F-i Pulsc, 84. She had a faint generalized 
erythema with punctate nonerythematous lesions, and sparse erythematous papules, 
some with whitish centers, over the abdomen. The pharynx was congested, the 
tongue coated, and the spleen was 2 fingersbreadth below the costal margin. The 
right inguinal area was slightly tender, but no lymph nodes were palpable. The 
liver was palpable. The diagnoses considered on admission were rickettsialpox and 
typhoid fever. Agglutinations with Bacterium typliosum, Bad. paratyphosum A 
and B were negative, with Bacillus protens OX 19, positive at i :40. On April 25 
the patient was afebrile. The spleen was 2 fingersbreadth below the costal margin, 
A biopsy was taken from a papular lesion. She was discharged on April 29, The 
complement-fixation test for rickettsialpox on April 28 was positive at 1:8; on 
May 29, positive at 1:32. 

Material for Biopsy 

The material for biopsy was fixed in Regaud’s solution for 30 hours, 
embedded in paraffin, and stained with Giemsa’s stain, the technic 
recommended by the National Institute of Health for the demonstra- 
tion of the rickettsiae. Additional sections were stained with hema- 
toxylin and eosin. 

Initial Lesion 

The initial lesion excised from the scapular region of case 4 was a 
dark red, deep-seated, firm nodule 8 mm. in diameter (Fig. i). A 
pustule covered with dry and scaly epithelium occupied the center of 
the nodule. It measured 5 mm. in diameter and was raised 2 mm. above 
the base. When the lesion was sectioned, a small amount of yellow 
fluid escaped and the pustule partly collapsed. The section showed 
that, while the lesion was deep-seated, the pustule proper was super- 
ficial. The corium beneath the pustule was indurated, pale pink, rather 
moist, and contained grossly visible dilated blood vessels. Microscopi- 
cally, the pustule was situated entirely within the epidermis. The epi- 
thelium was elevated in a vault-like manner; its cells were compressed 
and showed coagulation necrosis and polymorphonuclear infiltration of 
the deeper layers. The basal epithelium was present only at the angle 
of the pustule, and there the intra-epidermal character of the pustule 
became apparent (Fig. 2), The rest of the basal layer was missing, 
and the floor of the pustule was formed by the exposed corium. The 
floor of the pustule was slightly and superficially infiltrated with poly- 
morphonuclear cells at the center of the lesion but showed no necrosis 
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of the stroma. The pustule was filled with serum, shreds of necrotic 
epidermis, and polymorphonuclear leukocytes. The capillaries in the 
deeper layers of the corium were dilated, and some contained poly- 
morphonuclear cells. The endothelium of other capillaries was swollen, 
bulging or desquamating into the lumen, and occasionally showed mi- 
totic figures. Several smaller capillaries contained pale pink homo- 
geneous material partly occluding the lumen (Fig. 3). Mononuclear 
cells and occasional polymorphonuclear cells were scattered in the 
corium and were more densely aggregated near the blood vessels. The 
mononuclear cells were lymphocytes, mast cells, and peculiar cells with 
a small amount of dark or light cytoplasm, one or two processes, a 
large, bulging nucleus, and a dark nucleolus; connective tissue cells and 
fibroblasts were present also. The mast cells were most numerous at 
the periphery of the lesion, especially in mononuclear infiltrates sur- 
rounding the hair roots and other cutaneous appendages. They were 
elongated or polyhedral, were densely packed with metachromatic ma- 
terial, and appeared as solid, dark purple masses under low and high- 
dry magnifications; under the oil-immersion lens, however, the meta- 
chromatic granules often could be seen within the body of the cell, and 
always in its processes. The cells with a small amount of cytoplasm 
and a bulging nucleus were found to be similar to the lymphoid wan- 
dering cell illustrated in Maximow and Bloom’s textbook.''^ No plasma 
cells were seen in the infiltrates. 


Rash 

Four maculopapular and two papulovesicular lesions were exam- 
ined. In a maculopapular lesion the epidermis was intact or was 
slightly thinner than in the adjacent skin, with some scaling on the 
surface (Fig. 4). In the upper layer of the corium there was an in- 
creased number of connective tissue cells. Capillaries, veins, and cu- 
taneous appendages (hair roots, sebaceous and sweat glands, and also 
arrectores pilorum muscles and nerve trunks) were surrounded by 
dense collections of cells, but there was no diffuse infiltration of the 
corium (Figs. 4 to 7)* Few cells with vesicular nuclei were present. 
The mast cells were more numerous than in the initial lesion (from 5 to 
15 in a high-power field). In some cases numerous pyknotic nuclei 
and nuclear fragments were scattered among the cells of the infiltrates. 
L3nnphocytes were numerous, but polymorphonuclear cells were rare, 
in 2 cases they were eosinophilic. Homogeneous pale pink thrombi or 
strands of fibrin were seen in some capillaries, and the endothelium of 
many capillaries bulged toward the lumen. In one case occasional mast 
cells were found beneath the desquamating endothelium of small veins. 
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The epithelium of the sweat glands was sometimes hj'perchromatic, but 
showed no desquamation; occasional mast cells invaded the walls of 
the sweat glands. 

In a fresh papulovesicular lesion the vesicle occupied the entire 
thickness of tlie epidermis. The greater part of the epithelium forming 
the thick top of the vesicle showed vacuolization and some disintegra- 
tion of the cells with fragmentation of the nuclei, but the basal layer 
was largely intact (Fig. 8). There was no “ballooning” or hyalinizalion 
of the epithelial cells as seen in chickenpo.s*. The vesicle contained a 
small amount of fibrin and a few polymorphonuclear cells. The upper 
layer of the corium was streaked with elongated nuclei of leukocytes 
migrating toward the vesicle and contained a thrombosed blood vessel. 
Perivascular and some diffuse mononuclear infiltrations were present in 
the deeper layers of the corium beneath the vesicle, but on either side of 
tliat area the picture was the same as in maculopapular lesions. 

In the healing papulovesicular lesion the vesicle was located in the 
cornified layer of the epidermis and contained only thin protein material 
(Fig. lo). The epithelium beneath the vesicle had been restored, but 
was slightly concave. Periadnexal infiltrates and vascular changes still 
were present in the corium. 


Lymph Node 

The lymph node excised from the inguinal region of case i was bean- 
shaped, moderately soft, and measured 8 by 5 mm. The cut section 
was pale pink and slightly granular. Microscopically, the lymphoid tis- 
sue showed nothing remarkable except a few eosinophils here and there 
and several groups of mast cells. The stroma of the hilus was edema- 
tous and contained several small groups of mast cells and scattered cells 
with large vesicular nuclei similar to those seen in the infiltrates in the 
corium of the initial lesion (Fig. 9). 

Discussion and Summary 

The gross appearance of the initial lesion of rickettsialpox is similar 
to that of the primary lesion of scrub t5q)hu5 and of the tache noir of 
Marseille fever. 

No microscopic description of the tache noir seems to be available 
in the literature, but the microscopic picture of the initial lesion of 
rickettsialpox closely resembles the histologic findings in the primary 
lesions of scrub typhus as described by Allen and Spitz.® The pus- 
tules in these two diseases are identical. The difference in the inflam- 
mation of the corium is largely quantitative. The area of pol3Tnor- 
phonuclear infiltration of the corium in rickettsialpox is more limited 
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and more superficial than in scrub t 3 ^hus, and there is no degeneration 
of the connective tissue. The vascular changes also are less severe. 
The cellular infiltrates follow the same perivascular and periadnexal 
character as in scrub t3^hus, but the plasma cells are absent and the 
mast cells are more numerous. 

The maculopapular rash of rickettsialpox is microscopically similar 
to the eruptions of other rickettsial diseases in regard to the character 
and distribution of the cellular infiltrates, but the infiltrates are much 
heavier than in any other rickettsial disease. Karyorrhexis may be 
quite prominent, and mast cells densely packed with metachromatic 
granules are numerous. Plasma cells are absent. The vascular 
changes in rickettsialpox closely resemble those of scrub typhus, but 
are less severe. Incomplete homogeneous thrombi and the absence of 
arteritis and hemorrhages in the eruption of both diseases distinguish 
them from typhus, Rocky Mountain spotted fever, and Marseille fever. 

The vesicle of the rash is unique in a rickettsial disease. The epithe- 
lium at the top of the vesicle shows vacuolization and some disintegra- 
tion of the cells with karyorrhexis. The basal epithelium is largely in- 
tact. The corium immediately beneath the vesicle shows some migra- 
tion of polymorphonuclear cells and a slight diffuse mononuclear infil- 
tration, but in the papular portion of the eruption which forms the 
base of the vesicle the changes in the corium are the same as in other 
papular lesions. 

The lymph node showed no necrotic changes characteristic of scrub 
typhus, but the presence of mast -cells in the lymphoid tissue and in the 
stroma of the hilus was an evidence of some damage to the node. 

Although rickettsiae (R. acari) had been recovered from the blood 
of some patients, they have not been found in sections of the skin le- 
sions or of the lymph node. 

Rickettsialpox is a mild disease with a uniformly good prognosis, 
but in the early stage the clinical picture may be confusing, especially 
in the absence of an initial lesion. The diagnoses of chickenpox, typhus 
fever, and typhoid fever were considered in some of our patients at 
the onset of illness. 

Several laboratory procedures have been devised as diagnostic aids, 
but some of them proved to be impractical. Cultivation of the rickett- 
siae from the blood of the patients is so complicated and protracted as 
to make it completely unsuitable for diagnostic purposes. The com- 
plement-fixation test is the best diagnostic laboratory procedure, but it 
usually requires at least two specimens of blood taken 3 or 4 weeks 
apart, if the first test is negative. Microscopic examination of the rash 
has its place as an aid in the diagnosis of rickettsialpox, especially if 
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a suspicious disease appears in an area previous^ free from that dis- 
ease. The histologic examination of a skin lesion may be completed 
long before the report on the second specimen of blood is available and 
will help in securing earlier confirmation of the diagnosis. 

I wish to thank Drs. Arthur C. Allen and Sophie Spitz for making their material 
on rickettsial diseases available for study and for helpful suggestions in the prepa- 
ration of this paper. 
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Plate 24 

Fig. I. Case 4. Initial lesion of rickettsialpox, at least 10 days old. The bisected 
specimen at the right shows the superficial collapsed pustule and the indurated, 
slightly congested area in the corium. 

Fig, 2. Case 4, Initial lesion of rickettsialpox. Angle of the pustule showing the 
intra-epidermal character of the pustule and loss of the basal epithelium a short 
distance from the angle. The epithelium of the wall is compressed, and poly- 
morphonuclear cells from the lumen of the pustule invade the necrotic inner 
layer of the epithelixnn. Giemsa’s stain. X 220. 






Plate 25 

Fig. 3. Case 4. Cellular infiltralion and conpc.'h'on of the corium beneath the 
pustule. Swollen endothelium in the branching capillan*; mitotic figure in an 
endothelial cell in the right lower corner of the field. Homogeneous material 
and desquamated endothelium in the lumen of the capillary in the upper left 
corner. Cells with vesicular nuclei adjacent to the capillary; several similar 
cells in the central portion of the field. Giemsa's stain. X 440. 

Fig. 4. Case 5. Papule of rickettsialpox. Slight scaling of the epidermis. Peri- 
vascular and periadnc.val cellular infiltrates. Mast cells appear as large dark 
bodies. Giemsa’s stain. X 100. 

Fig. 5. Case 5. Detail from Figure 4. Homogeneous material partly fills the lumen 
of a capillarx'. Nuclear fragments and mast cells are present in the peri- 
vascular infiltrate. Mast cells are present also near the arrcctor pili muscle. 
Giemsa’s stain. X 660. 
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Plati: ;:6 


Fig. 6. Case 5. Cellular infiltrate around a jiweat gland in another area of the 
corium beneath the same papule seen in Figure.* and 5, Mast cells and 
nuclear fragments arc .scattered among the lymphocytes. (liemsa’s stain. X 
440. 

Fig. 7. Case 2. Maculopapular ra.*h of rickettsialpo.x, Ma.*t cells in the infiltrate 
around a sebaceous gland and arrector pili muscle. Giemsa's stain. X 440. 

Fig. 8. Case 3. Fresh papulovesicular rash of rickettsialpo.'c. Intra-cpidermal 
vesicle covered with a thick layer of epithelium showing hydropic changes and 
some disintegration of the cells. The basal layer is largely preserved. Some 
nuclei of migrating polymoqihonuclear cells are present in the upper layer of 
the corium. A slight diffuse mononuclear infiltration is seen in the lower 
layers of the corium. Hematoxylin and eo.sin stain. X 100, 
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Histologic Changes in Rickettsialpox 


Fig, 9- Case i. Mast cells in the stroma of the hilus of an inguinal lymph node. 
Giemsa's stain. X 440. 

Fig. 10. Case i. Drj-ing vesicle of a papulovesicular ra.sh of rickettsialpox. The 
vesicle is located in the cornificd layer of the epidermis. The epithelium at 
the base of the vesicle is restored to normal thickness. Giemsa's stain. X 100. 
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STUDIES ON AMEBOID MOTION AND SECRETION OF 
MOTOR END-PLATES 

X. Effects of Slow Nervous Action of Disuse on the Structure 
OF Nerve Endings, Neurosomes, and Muscle Fibers * 

Eben J. Carey, MD.,i- Eugene Haushalter, Leo C. Massopust, Frank 
Garofalo, John Lynch, Denis Tabat, and Eli Socolopp 

{From the Dcpartmc 7 it of Anatomy, Marquette University School of Medicine, 

Milwaukee 5, T^iy.) 

The morphologic effects of inactivity upon the nerve endings of the 
neuromuscular apparatus in skeletal muscle have remained an unex- 
plored field. The surgeon empirically has discovered and rediscovered 
the beneficial effects of early ambulation after an operation. The 
structural changes, however, in nerve and muscle, produced by immo- 
bilization are practically unknown. The knowledge of the pathologic 
changes induced by disuse in nerve endings may give a clear insight 
into the normal nervous discharge and the substantial dependence of 
nerve and muscle. 

The experimental study herein reported is a product of the hypothe- 
sis that normally there is a discharge of fine neurogenic granules into 
muscle.^ Considerable evidence has been presented that under physio- 
logic conditions there is a tenuous and evanescent secretion of very fine 
neurogenic granules into muscle and that these granules undergo rapid 
periodic discharge, diffusion, and disappearance by hydrolysis. It is 
assumed that under the pathologic conditions of disuse, by various 
methods, the neurogenic secretion accumulates slowly and forms en- 
larged droplets. These enlarged neurogenic droplets are considered to 
be the products of retardation in the rate of the periodic discharge, 
diffusion, and dissolution by hydrolysis. During the early period fol- 
lowing the disuse of muscle, a pathologic dissociation may be produced 
of the neurogenic and myogenic substances that normally constitute 
muscle. 

The object of this paper, therefore, is to present conclusive morpho- 
logic evidence of the pathologic changes produced in nerve, nerve end- 
ing, neurosome, and muscle by disuse, in comparison with their normal 
structure associated with normal use. 

♦ Aided by grants from The National Foundation for Infantile Paralysis, Inc., the 
U^rnch Oommittee on Physical IMedicine, and the IVTedical Department of Hoffmann-La 
Roche, Inc. 
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Materials and Methods 

Under aseptic surgical technic, the Achilles tendon of the right gas- 
trocnemius muscle was completely severed by transverse section from 
the calcaneus, and 3 mm. of the distal end of the tendon were excised 
in 300 white rats (il'/7/5 tiorvcgicus). The gastrocnemius muscle of the 
left leg was allowed to remain intact and used as a control of the effects 
of normal use. At 24-hour intervals the morphologic changes in the 
right gastrocnemius muscle were compared with the normally used 
muscle of the left side in each of 10 rats over a 30-day period. Seg- 
ments of the control and the experimental gastrocnemius muscles and 
sciatic nerves were simultaneously subjected to the same histologic 
technics. Of 60 additional white rats, 4 were selected at 48-hour inter- 
vals following tenotomy. A ligature tied at the cut end of the muscle 
had at its free end suspended weights that varied from 10 to 30 gm. 
depending upon tlie size of the muscle. The living muscle in situ was 
gradually restretched, prior to excision for gold impregnation, for 
periods of 10 to 15 minutes, alternating with 5 minutes of rest, for 3 to 
5 hours. 

The right hind legs of 60 otlier rats were completely encased in plas- 
ter of Paris casts from the toes to and including the hip joints. The 
cast of tlie hind leg was continuous with a partial body cast for sta- 
bility and anchorage. The left hind leg was free for walking. Four of 
these rats were selected at 48-hour intervals after the application of the 
cast. The structural changes in the right immobilized gastrocnemius 
muscle were compared wdth those in the normally used left muscle. 
Comparison was made likewise with the changes at the same periods 
of time following disuse by tenotomy and by the cast. 

The method of gold impregnation and teasing of whole muscle fibers, 
previously described,^ was found superior to any other neurologic 
technic for the detection of the structural changes of the nerve endings 
in muscle. This method was checked against the current popular ones 
in which silver or methylene blue is used. The muscles were likewise 
stained with osmic acid, sudan III, sudan black, and scliarlach R, as 
well as with ordinary stains such as hematoxylin and eosin, after fixa- 
tion with formalin, Zenker’s fluid, or other fixatives. 

The variable structure of the motor end-plates produced by gold 
(Figs. I and 2) and methylene blue (Figs. 3 and 4) in teased fibers of 
the same gastrocnemius muscle of the pseudo-chameleon {Anolis caro- 
Unieiisis) was contrasted with that produced by silver (Figs. 5, 6, and 
7) in longitudinal frozen sections after formalin fixation. The chame- 
leon was used in this experimental study because the nerve endings are 
two to four times larger than those found in any mammalian muscle 
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and the various structures may be readily compared. These three 
neurologic technics produced the same changes in mammalian nerve 
terminals as they did in those of the chameleon muscle. The revelation 
of the true microscopic structure of the nerve ending, therefore, is de- 
pendent upon the histologic technic employed. The granules of the 
sole plate of Kuhne are more clearly demonstrated by the gold method 
than by either methylene blue or silver. 

The nerve terminals are constricted by the silver method. The 
neurofibrillae and nuclei are more clearly revealed by this method than 
by any other. The gold method, followed by teasing of the whole 
muscle fiber, was, however, superior to any other neurologic technic 
for the demonstration of the normal and pathologic discharge of neuro- 
genic substances from nerve endings into muscle. When there was a 
copious discharge of neurogenic substances from nerve endings that had 
a large diameter demonstrated by the gold method, similar portions 
of the same muscle subjected to the silver method revealed clear-cut 
neurofibrillae in the terminal axons and a periterminal network of 
Boeke between these axons and the anisotropic substance of the muscle. 
This periterminal network, therefore, was not a constant finding in all 
nerve endings. The silver method revealed loops, rings, terminal 
brushes, and terminal networks in a variable manner in the nerve end- 
ings. These were related to the variable structure of the nerve endings 
demonstrated by the gold technic. The conclusive evidence, therefore, 
that the motor nerve endings were microscopic glands of internal secre- 
tion was better demonstrated by the gold method than by any other 
neurologic technic. 

The left and right sciatic nerves were stained with gold, silver, 
methylene blue, osmic acid, and various other dyes, to demonstrate 
myelin degeneration. Nerves and muscles were prepared in whole units 
and in longitudinal and cross sections. The great distortion, shrinkage, 
and chemical changes produced by the formalin fixation and alcoholic 
dehydration used in the silver method were eliminated by the use of the 
gold method in the study of nerve endings in muscle. The gold chloride 
reacted directly with the neurogenic axonic substances in nerve and 
muscle without need of the prior use of formalin fixation. 

Formalin produced chemical changes and altered critical features of 
the structure of the neuromuscular apparatus. No alcoholic dehydrat- 
ing agent was used in the gold method of teased whole mounts. There 
was some swelling of the nerve and muscle when they were placed in 
the citric acid or in lemon juice prior to gold impregnation, but this 
tended to reveal more clearly than otherwise the real nature of the 
union of nerve and muscle. It was realized, however, that any artificial 
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technic did not demonstrate, absolutely, the reality of the living struc- 
tural union of nerve and muscle. The acid, however, may have acted 
by stabilizing the products of neurogenic secretion of nerv'c and muscle 
before they were either altered or destroyed by the chemical changes 
produced by the ordinary fixatives used in histologic study. 

The teasing of whole muscle fibers was a better technic than cutting 
muscle into sections for observation of the whole neuromuscular appar- 
atus and tlie anatomic relationships and changes of the cpilemmal axon, 
hypolemmal axon, granules of Kuhne, cross striations, and the granular 
and agranular muscle fibers. The failure, in the past, to detect mor- 
phologic changes in the nerve endings has been due to the popular 
choice of certain histologic methods which profoundly alter the struc- 
ture of the union of nerve and muscle. In the living, this union is trans- 
parent, and up to the present time it has defied clear-cut observation, 
but tliis problem is still under investigation. The following experi- 
mental observations will be confined to the structure of nerve endings 
of the gastrocnemius muscle in tlie w’hitc rat revealed by the gold 
technic. 

Results 

Ejects oj Normal Use on the Motor End-Plates hi Dark and 
Light Voluntary Muscle Fibers 

The normal muscle observed after gold impregnation in teased whole 
muscle fibers had relatively narrow, dark, and granular muscle fibers 
(Fig. 8) scattered among others of various diameters which were light 
and relatively agranular. The granular fibers had coarse, medium- 
sized, and fine granules. The muscle fibers were classified as hyper- 
chrysophilous, orthochrysophilous, hypochrysophilous, and achrys- 
ophilous based upon the intensity of the reaction of the granules with 
gold. There were multiple gradations of affinity of the granules with 
gold between the extremes. The nerve endings were usually expanded 
(Fig. 8) and had a decreased affinity for gold in the light fibers; the 
endings were usually retracted in the dark fibers. 

The granules of Kuhne usually formed a dense rim around the re- 
tracted nerve endings, whereas there was a quantitative diminution 
of these granules, to the point of complete depletion, around the ex- 
tended branches of the expanded nerve endings produced by neuro- 
protoplasmic streaming. The light halo-like space found between the 
terminal axons and the granules of Kuhne (Figs. 1,2, and 30) in some 
normal nerve endings was not a constant finding in all motor end-plates. 
The evidence suggested that it may represent the interval in which 
submicroscopic neurogenic particles were discharged and quickly be- 
came visible by enlargement through interaction with the colloidal 
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granules of the muscle substance. This halo-like space is not an arti- 
fact but was absent when there was massive transmission of the ir- 
ritable neurogenic substance into the sarcoplasm of the muscle fiber 
(Figs. 39 to 62). In a differential count of 5,000 normal nerve endings, 
the retracted endings varied in length from 20 to 40 fi and the ex- 
panded endings from 40 to 60 fx. 

The normal muscle in cross section (Figs. 13, 14, and 15) had fibers 
with coarse, medium-sized, and fine granules in the narrow and 
medium-sized muscle fibers. The extremely wide fibers had the gold- 
impregnated material arranged in a reticulum, or there was a marked 
diminution of the substance with an affinity for gold in the light, 
agranular fibers. There were variations, however, in the size of the 
granules in fibers of different diameters. The axon, nerve endings, 
granules of Kiihne, and granules in the muscle fiber all had the same 
reaction to gold. The size and distribution of the granules were as- 
sumed to be related to the different degrees in the process of hydrolysis 
after the neurosomes were discharged into the muscle. 

Effect of Tenotomy 07 i the Da 7 ’k, Gra 7 iular Type of Muscle Fiber 

During the first 2 to 3 days following tenotomy (Fig. 9), there was 
frequently found in some muscles a quantitative increase in the fre- 
quency of distribution of the dark muscle fibers. Between the 3rd 
day (Fig. 9) and the 30th day (Figs. 12 and 19) there was a gradual 
loss of the dark muscle fibers following tenotomy. There was, likewise, 
a great depletion (Fig. 12) of the nerve supply as well as of the sub- 
stance of the muscle fiber by the 30th day. In some places, the hypo- 
lemmal axons of the nerve endings were absent (Fig. 12) and all that 
remained 30 to 50 days after tenotomy were clumps of sole plate 
nuclei. The structural expression of the dark, coarsely granular muscle 
fiber (Figs. 8, 9, and 13) was determined, therefore, by the presence 
of the attached and normally functioning muscle with its active inner- 
vation. It required a considerable period of time, following disuse by 
tenotomy, to deplete the muscle fiber of the neurogenic substance 
normally discharged into the muscle. Whether or not this neurogenic 
substance discharged into muscle may go through a certain number of 
cycles of breakdown and resynthesis before it is completely used up, is 
still undetermined by this experimental study. This neurogenic sub- 
stance with a variable affinity for gold is found in the sarcoplasm. 
When it forms a well defined network (Figs. 20, 21, and 22), it corre- 
sponds to the sarcoplasmic boundaries of the so-called areas of Cohn- 
heim observed in ordinary histologic preparations after formalin and 
Zenker’s fixation. 
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From llic 2nd to the isth day (Figs. 25 to 27) foHowing tenotomy 
the intramuscular capillaries and small veins became clearly visible due 
to the passive hyperemia associated with disuse. 

Ejjccts of Tcmtoiny on the Discharge of Pathologic 
Neurosomes from Motor End-Plates 

The nerve endings became uniformly and deeply impregnated with 
gold, and fusiform in .shape, between the 4th and 20lh day.s following 
tenotomy in the rat. There was individual variation in different ani- 
mals as well as in different fibers of the gastrocnemius muscle in the 
same animal in the appearance of these morphologic changes (I'igs, 23 
to 27). The molding of the nerve endings into various shapes, such as 
oval and fusiform, was produced by the progres.'iivc shrinkage of the 
muscle fiber due to the loss of miuscle substance (Figs, 23 to 27, and 
40 to 62). The course of the transformation of the motor end-plates 
into either giant globular or giant fusiform neurosomes may be traced 
by arranging in sequence a selection from a large number of motor end- 
plates studied under the microscope (Figs. 40 to 62), The evidence is 
conclusive that a large mass of material found in the giant neurosomes 
is contributed by the motor end-plates even though there may be an 
interaction of this neurogenic material with sarcoplasmic granules in 
the muscle substance. 

During the early period following tenotomy (Figs. 40 to 46), the 
motor end-plates were uniformly impregnated wdth gold witli little or 
no evidence of distinct hjqDolemmal axons. This interaction with gold 
was due to the presence in tlie nerve ending of an increased quantity of 
material with an affinity for gold. The normal and abnormal experi- 
mental muscles were run through the various stages of the technic 
simultaneously. Frequent comparisons of the normal reaction to gold 
(Figs, 30 to 32, and 35 to 38) were made with the abnormal reactions 
of the motor end-plates (Figs. 28, 29, 33, 34, 39, and 40 to 62). The 
pathologic changes following tenotomy were proved to be due, there- 
fore, not to a faulty technic or to overimpregnation with gold, but to 
the intrinsic changes produced in the neuromuscular apparatus fol- 
lowing tenotomy. 

On the loth to the 15th days following tenotomy (Figs. 10 and ii) 
there was a discharge of either small or large gold-impregnated neuro- 
somes from the hyperchrysophilous motor end-plates. In some places 
the epilemmal axons manifested a decrease in the quantity of material 
with an affinity for gold (Figs. 10 and ii) in comparison with both 
the normal innervation and the innervation 48 hours following tenot- 
omy (Figs. 8 and 9), There was structural manifestation of various 
stages in the genesis and discharge of giant globular and fusiform 
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neurosoDies from the oblong and spindle-shaped nerve endings which 
were hyperchrysophilous (Figs. 10 and ii, and 40 to 62). 

From the 3rd to the 15th days following tenotomy, in certain places 
in the muscle a progressive increase in the number of giant neurosomes 
was found. From the 15th to the 30th days following tenotomy, there 
was a progressive decrease in their number. The discharged giant neuro- 
somes were irregularly scattered in the myoplasm. Some of them 
were uniformly and deeply impregnated with gold. Some were light 
in the center and dark at their tapering ends. Others were light at the 
ends and dark in the center. Still others were very faintly impregnated 
with gold, and their contained granules were arranged in cross stria- 
tions undergoing progressive alignment with the cross striations of the 
muscle fiber. 

These fusiform neurosomes varied from 10 to 275 /i in length and 
from 4 to 60 ju, through the widest transverse diameter. In some places 
there were small, oblong and fusiform neurosomes, similar in structure 
and staining reaction to gold to those observed during the early stages 
after nerve section in denervated muscle.^ The large fusiform neuro- 
somes were produced by a streamlining effect (Figs. 63 to 75) of the 
cross-striated myoplasm during the process of migration of the neuro- 
somes from the nerve ending and dispersion into the protoplasm of the 
muscle fiber. Some of these neurosomes in transverse sections were 
immediately under the sarcolemma whereas others occupied the center 
(Figs. 16 to 18, and 20 to 22) of the muscle fibers. During disuse 
atrophy there was a progressive loss of the normal dark muscle fibers 
and of the normal coarse granules (Figs. 16 to 18, and 20 to 22) of 
neurosomes. The granules were either very fine and dispersed, or 
aggregated into the giant fusiform neurosomes. In cross sections (Figs. 
16 to 18, and 20 to 22) the giant neurosomes were either uniformly 
deeply impregnated with gold, or they had a light center, or a rim of 
granules faintly reacting to gold. 

This morphologic evidence strongly suggested that the visualization 
by photography of the pathologic nerve impulse was determined by the 
accumulation of neurogenic substances produced by a retardation in 
the rate of discharge, diffusion, and dissolution by hydrolysis of the 
neurogenic secretion from the motor nerve ending. This neurogenic 
secretion interacted with the muscle substance. The friction of the 
myogenic fluid slowed down the transmission of the giant neurosomes. 
The resisting drag of the viscous myoplasm on the migrating neuro- 
somes was associated with the formation of whirlpools or eddies. The 
resulting eddies or vortices were detected by the turbulence of die 
related cross striations at the prow and in the wake of the giant 
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neurosomcs. The streamlining of the neurosomes resulted in tapering 
ends. The pointed rear end is more important in .streamlining than the 
front end. In some locations (Fig. 65) the ncurosomes assumed the 
'‘teardrop design’’ of streamlining v/ith one end blunt and convex like 
that of a torpedo. This design was modified, however, by the fact that 
the neurosomes are not inert particles moving in the muscle protoplasm 
but arc subjected to colloidal chemical action and reaction v/ith the 
muscle substance. Progressive changes in the hydrolysis of the giant 
neurosomes were clearly evident (Figs. 63 to 75). 

Ejjccts of Disuse from Casts on the Production of 
Pathologic Neurosomes 

The effects produced on the nerve endings of the gastrocnemius 
muscle by immobolizing in a plaster cast the right hind leg of a rat 
were essentially similar to those found after disuse by tenotomy. The 
deformations of the nerve endings after disuse produced by tire Gists 
occurred later than those demonstrated after tenotomy. This may be 
associated with the slower rate of muscle atrophy after immobilization 
by a cast than that produced following tenotomy. The neurosomes 
discharged from nerve endings during the early stages after the appli- 
cation of the cast were usually more nearly spherical than tliose gen- 
erated by tenotomy (Figs. 47 to $6). 

The neurosomes in tenotomized muscle were generally elongated 
and fusiform (Figs. 57 to 75). It is assumed that Hie configuration 
of the neurosomes was determined by the rate of atrophy and the 
physical changes of viscosity of the myoplasm produced by disuse, as, 
well as by a slowing down in the rate of secretion, diffusion, and hydro- 
lytic dissolution of the neurosomes. 

Effects of Tenotomy on the Nerve Supply of the 
Gastrocnemius Muscle 

During the first 10 days after the right gastrocnemius muscle was 
tenotomized there was an increase in the weight of the nerve fibers 
supplying the muscle. Corresponding lengths of 5 mm. of the control 
left and experimental right nerves, from their entrances into the 
muscles, were excised and weighed in 30 rats. There was an increase in 
the weight of the nerve fibers of the right experimental side that varied 
from 10 to 40 per cent over that of the left control nerve fibers. This 
increase was due to: (i) edema associated with the passive hyperemia 
of the intraneural blood vessels; (2) increase in diameter of the axis 
cylinder; and (3) accumulation of lipoidal material due to demye- 
linization of the medullated nerves. These pathologic products of nerve 
dystrophy following disuse augmented the size of the axis cylinder 
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(Figs. 28, 29, 33 j and 34) and were then discharged periodically in a 
centrifugal direction into the dystrophic muscle (Figs. 39 to 75). 

In frozen sections after formalin fixation and silver impregnation the 
enlarged epilemmal and hypolemmal axons during the first week after 
either tenotomy or the application of a cast showed an increased num- 
ber of neurofibrillae. This increase was associated with a dilatation 
and increase in quantity of neurogenic material in the axon when 
studied with gold (Figs. 28, 29, 33, 34, and 39 to 46). There was an 
apparent increase in number of the nuclei in the sole of some nerve 
endings observed by the silver method following atrophy of disuse. 
This may have been an aggregation by migration of neighboring nuclei 
in the muscle and not an absolute increase in total number of nuclei 
in the whole muscle fiber. 

Effect of Restretching the Tenotomized Muscle 

The re-establishment of partial muscle stretch in some fibers of the 
muscle by the regenerative attachment of the tendon to the subcutane- 
ous tissue is a variable which we took into consideration in evaluating 
our results. In some of the rats in our series, the tendon of the muscle 
was freshly cut at 7-day intervals to eliminate the effects of the partial 
re-establishment of stretch by union of tendon to subcutaneous tissue. 
The experimental evidence strongly suggested that the loss of normal 
muscle stretch determined the retardation in the rate of discharge, 
diffusion, and disappearance by hydrolysis of the giant neurosomes. 
This conception was supported by the great decrease in the number, 
and in some muscles the total absence, of the giant neurosomes in the 
series of 60 living muscles experimentally restretched in situ before 
excision and gold impregnation. Four muscles were restretched at 48- 
hour intervals until the 30th day after tenotomy. The living muscles 
were restretched for periods of 10 to 15 minutes alternating with 5 
minutes of rest, for 3 to 5 hours. The muscles were restretched by a 
ligature tied at the distal cut end of the muscle, from which weights 
were suspended that varied from ro to 30 gm. depending upon the size 
of the muscle. 


Effect of Tenotomy on Muscle Weight 

The gastrocnemius muscles lost 30 to 50 per cent of their tv eight, 
compared with the normal, during the first month after tenotomv. 
There were individual variations in the rate of atrophy and in the 
morphologic changes of the neuromuscular apparatus and fibers of the 
gastrocnemius muscles. These variations v ere found not onl\ in 
muscles from different animals examined after the same time interr'al 
following tenotomv, but also in different fibers in the same muscle. It 
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was necessary, Uiereforc, to survey great numbers of muscle fibers to 
detect the average trend of the morphologic changes. 

Discussion 

The disuse of muscle by tenotomy and from a cast produces 
dj'Strophy or a nutritional disorder of nerve and muscle. Langley" 
recognized the analogy between denervated and fatigued muscle. 
Others have noted the resemblance between the atrophy of muscle due 
to loss of nerve supply and that due to extreme starvation. 

What is the underlying mechanism of mu.sclc atrophy? Tlic answer 
to this question involves our conception of the structure of muscle 
tissue. Langley,'" upon the basis of chemical experiments, identified 
two constituents: (i) the irritable substance in the sarcoplasm, and 
(2) the contractile molecule in the myofibrillae. Tower has defended, 
likewise, the proposition tliat sarcoplasm and myofibrils are discrete. 
The possibility that these constituents of the muscle cytoplasm form a 
continuum has been considered also by Tower. Hurthle and Wach- 
holder,’'' however, concluded that the sarcoplasm is merely a schematic 
abstraction of the histologic structure of muscle. 

Langley “ mentioned two possibilities regarding the localization of 
special excitable substances in muscle cells. He found that curare de- 
creases the excitability of the muscle to the nicotine stimulus and as- 
sumed that it decreases also the irritability of the muscle to stimuli 
arriving by the nerves. He assumed that the compounds which these 
poisons form with the muscle are less irritable and conductive tlian the 
normal muscle substance. Since neither curare nor nicotine, even in 
large doses, prevents direct stimulation of muscle from causing con- 
traction, it is obvious that the muscle substance which combines with 
nicotine or curare is not identical with the substance which contracts. 
Langley called this specially excitable constituent the receptive sub- 
stance. It receives the stimulus and, by transmitting it, causes con- 
traction. He stated that if nicotine causes contraction of the fibrillae 
and not of the sarcoplasm, there are two possibilities: the receptive 
substance may be part of the sarcoplasm, or it may be a radical of 
the contractile molecule. Langley clearly stated that his hypothesis of a 
specific excitable substance in muscle required that the nerve impulse 
should not pass from nerve to muscle by an electric discharge, but by 
the secretion of a special substance at the end of the nerve, a theory 
suggested in the first instance by du Bois-Reymond.® This theory was 
placed on a substantial basis by Loewi,'^ Dale, Feldberg, and Vogt,^ 
and others. Langley considered the problem from a theoretical point of 
view, regarding the localization of the special receptive substance as 
either in the immediate neighborhood of the nerve ending or dissemi- 
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Dated throughout the length of the muscle fiber. He concluded from his 
experiments that it is the receptive substance in the muscle cell, rather 
than the nerve endings, which is stimulated or paralyzed by curare and 
nicotine. The receptive substance was also involved in some change 
during fatigue, according to Langley’s conception. 

Denervation atrophy abolishes the morphologic differences between 
the types of muscle fibers. Knoll and Hauer ® observed that the thick 
fibers decreased in size much faster than the thin ones and that after 
35 days there was no longer any distinction among the fiber types in 
the atrophied muscle. The granules which appeared when the normal 
thin muscle fibers were excised and observed fresh, disappeared after 
denervation. The appearance of these granules in the normally thin 
fibers, therefore, was associated in some way with the normally func- 
tioning innervation. 

The atrophy of disuse of muscle following tenotomy or the appli- 
cation of a cast likewise abolishes the morphologic differences between 
the types of muscle fibers. There was a rapid diminution in size of the 
thick fibers and a progressive loss of dispersion of the characteristic 
dark gold-impregnated granules in the thin muscle fibers. During the 
early period following tenotomy of innervated muscle there is a mas- 
sive aggregation of the granules into coagulated clumps that vary in 
size. Disuse slows down the rate of the nerve impulse and forms large 
viscous droplets discharged and delayed in dissolution from the nerve 
ending. The pathologic neurogenic substance associated with the ab- 
normal nerve impulse retarded in rate of discharge from the dystrophic 
nerve ending is morphologically detected by this method of retarda- 
tion. Inactivity abolishes, therefore, the normal agitation of dispersion 
of the neurogenic granules and reticulum in intimate relationship with 
the myofibrillae. 

This clumping of neurogenic substances in the sarcoplasm, by dis- 
use of the muscle, may be considered an intramuscular method of de- 
nervation of the myofibrillae inside of the muscle fiber. The efficiency 
of normal innervation appeared to depend upon the normal activity of 
diffusion of neurogenic granules that undergo progressive decrease in 
size by hydrolysis and thereby make intimate contact with the colloidal 
myofibrillae. The electric signs of the normal nerve impulse are as- 
sumed to be associated with the substantial transfer of the tenuous and 
evanescent neurogenic granules which excite the myofibrils to the rapid 
type of contraction and which likewise underlie the normal tonus of 
muscle. 

The basic mechanism in the physiologic processes of use, increased 
use by exercise, and disuse, resulting, respectively, in muscle mainte- 
nance of health, in hypertrophy, and in atrophy of disuse and disease, is 
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unknown. Young staled that “the liicorics of the causes and nature 
of muscular atrophy are numerous but none is conclusive;,” 'i'his con- 
clusion is held likewise by Carlson and Johnson,** The parts of the 
living body increase and decrease in size in projiortion to the func- 
tional demand or use, but the essential underlying cause of these 
clianges has remained elusive. The changes in physiologic structure 
during use and disuse of the neuromuscular apparatus have remained 
an unexplored field in spite of our present information that loss of 
motor innervation results in the following characteristic changes: (i) 
the quantitative decrease of the substance in the muscle fiber, and 
(2) the hyperexcitability of the skeletal fibers to mechanical and 
chemical (acetylcholine) stimuli. The h\T)crcxcitability manifest by 
fibrillations may be prevented by quinidine, but Solandt and jMaglad- 
ery^“ observed that the denervated muscle continues to shrink. The 
slow, incoordinate activity of fibrillation, therefore, appears not to be 
the cause of muscular atrophy. It has been demonstrated by Gutmann 
and Gutmann,*** Hines,** Eccles,*'* and Solandt, DeLiiry, and Hunter *** 
that the volume of denervated muscle may be fairly well maintained 
for a certain period by appropriate electrical exercises. Evidently, 
periodic optimum tension of traction and contraction (work) of 
muscles anchored to their attachments is necessary for muscle main- 
tenance during health. Suggestive evidence was demonstrated previ- 
ously that an optimum periodic tension of differential growth is neces- 
sary for the genesis of both smooth and skeletal muscle.*” Evidence 
was presented also that anatomic and experimental dampers to the lat- 
eral expansion of the stretched muscle fibers produce a replacement of 
muscle by fibrous tissue.*® 

The normal tension, or stretch, and work of the intact muscle at- 
tached to origin and insertion appear to be necessary for the normal 
rate of discharge of granules from the motor end-plates. Abundant 
evidence has been produced which appears to support the statement 
that under normal conditions there is a cloud of very fine, evanescent 
granules discharged rhythmically into the muscle from the motor nerve 
endings. This secretion is periodic and under normal conditions the 
rate of diffusion and disappearance of the granules by hydrolysis is 
very rapid. Evidence has been presented which suggests that there is a 
close relationship between the granular and agranular muscle fibers and 
the rapid cycle of discharge, diffusion, and disappearance of the neuro- 
genic granules in muscle. When the rate of discharge and hydrolysis 
of the neurogenic secretion has been retarded by disuse, there is a 
correlated change in the morphologic expression of the discharge from 
the motor nerve endings. 
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This secretory process from the nerve endings may be slowed down 
by disuse of the innervated gastrocnemius muscle following tenotomy. 
By tenotomy, the normal stretch or tension of the muscle is destroyed. 
The lax muscle fibers released from one attachment are analogous to 
the broken strings of a violin. The detached strings are incapable of 
normal vibratory response because of loss of tone or tune. The rate of 
discharge of neurogenic substance into the muscle appears to depend 
upon the reciprocal interaction between nerve and muscle. The normal 
mechanical tension of the attached muscle fibers appears to determine 
the normal periodical flow of neurogenic substances into the muscle. 
The normally attached muscle fiber appears to act like an alternate 
pressure and suction chamber upon the nerve ending. This nerve end- 
ing appears to be a biologic jet valve or ejector of the neurogenic secre- 
tion. Under normal conditions the rate of discharge, diffusion, and 
disappearance is excessively rapid. Under conditions of disuse this rate 
is greatly retarded. There is a characteristic structural expression re- 
flected by the atrophy of disuse of the neuromuscular apparatus fol- 
lowing tenotomy. The release of normal muscle stretch by tenotomy 
decreases the demand for, and therefore the rate of, neurogenic dis- 
charge into the abnormally flaccid muscle fibers. 

This laxity of the muscle fibers slows down the normal rate and per- 
mits accumulation of the discharge of the neurogenic secretion. The 
longitudinally striated myoplasm is composed of (i) the myofibrils 
which vary in width and in distinctness, and (2) the sarcoplasm con- 
taining the neurogenic substance which, likewise, varies in size from 
large, pathologic neurosomes to the very small, physiologic neurosomes. 
Some of the muscle fibers are agranular. The granular and agranular 
muscle fibers may, therefore, be designated, respectively, as the neuro- 
somic and aneurosomic fibers. These granules are large in the narrow, 
dark, granular muscle fiber. The so-called sarcoplasm contains these 
neurosomes. 

The normally discharged neurosomes react in a variable manner to 
gold, thionin, and lipoidal stains. Evidence now at hand supports the 
statement that the problems of fatty metamorphosis, Zenker s hyaline 
degeneration, and the pathogenesis of dystrophy of muscle are closely 
related to aberrations of the neuromuscular apparatus and alterations 
in the secretion of neurosomes into muscle. In the past, many of the 
fine physiologic neurosomes have been identified variously as the inter- 
stitial granules of Kolliker,^^ the J and Q granules of Holmgren, and 
the nutritional liposomes of Albrecht, Bell,^^ and Denny-Brown. 

In some of the light, agranular fibers there is a fine network of neuro- 
genic material in the sarcoplasm, and in its meshes are found the cross 
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sections of single or multiple myofibrils. This neurogenic network, in 
some places, surrounds each myofibril, whereas in other locations in 
the fibers of the same muscle this fine network is absent. V/hen irregu- 
lar groups of myofibrils arc surrounded by the coarse network of neuro- 
genic material, the so-called areas of Cohnheim are formed in the cross 
section of the muscle fiber. There is a high degree of variability in the 
presence and absence of areas of Cohnheim. These Cohnheim areas 
are not constant, fixed, structural arrangements of the myofibrils in 
each muscle fiber, as is now assumed. The problem of muscle structure 
requires a complete restudy based on c.xperimental, controlled con- 
ditions. 

The evidence presented in this paper supports the principle of the 
double dependence of nerve and muscle proposed by Young.*^ He 
stated that muscle receives its stimulation from nerve and exercises 
constraint against otlier muscles or outside forces. Ivluscle will atrophy 
if given too little direction from above, as after total denervation or 
isolation of lower from upper neurones; it will also atrophy if it is left 
relaxed and, therefore, cannot contract against resistance. Hovrever, 
until the structure of nerve and muscle is more adequately understood 
than it is at the present time, the problem of muscle maintenance, 
hypertrophy, and atrophy will remain unsolved. The study of the 
after-effects of infantile paralysis and other primaiy?- and secondary' 
diseases and dystrophies of nerve and muscle will not be clarified until 
the real structure of nerve and muscle under physiologic and pathologic 
conditions is known. 

The experimental evidence presented in this paper substantiates 
the proposition that one important factor underlying the mechanism 
of muscle atrophy of disuse is the substantial loss of the normal neiiro- 
somes discharged from nerve to muscle. The loss or decrease in the 
amount of this normal morphologic transmitter associated with the 
electric signs of the normal nerve impulse parallels the decrease in the 
mass of the myoplasm following inactivity of muscle. 

Summary 

Experimental evidence has been presented which supports the follow- 
ing statements: 

1. The apparent structure of the nerve ending in the skeletal muscle 
fiber is dependent upon the specific histologic technic employed. The 
gold method, followed by the teasing of whole muscle fibers, is better 
than other technics emplo3dng silver or methylene blue for demonstrat- 
ing the normal and pathologic neurosomes discharged from the motor 
nerve ending into the muscle fiber. 

2. The visualization by photography of the morphologic transmis- 
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sion of an increased mass of substance from nerve to muscle, associated 
with the pathologic nerve impulses, was determined by a slowing down 
of the rate of nervous action by inactivity of the associated muscle. 

3. During the early stages of disuse atrophy of rat muscle produced 
by tenotomy or by the application of a cast, the neurogenic secretion is 
retarded in the rate of discharge, diffusion, and dissolution by hydroly- 
sis. The enlarged droplets of nerve substance in muscle may be ob- 
served in different stages of solution and photographed for detailed 
study. The normal rate of discharge, diffusion, and dissolution is so 
rapid that detailed microscopic study of the physiologic neurosomes 
is difficult. 

4. There is a gradual loss of the dark, granular muscle fibers during 
the first month after tenotomy, as well as a rapid decrease in mass 
of the light, thick muscle fibers. The physiologic production of the 
granular fibers appears to be dependent upon the normal function of 
the innervation which discharges normal neurosomes into the muscle 
fiber. The evidence suggests that the coarse, medium-sized, or fine 
granules and the gold-impregnated network in the sarcoplasm are dif- 
ferent stages in the .hydrolysis, diffusion, and intimate commingling 
of the irritable nerve substance in the colloidal and fibrillar muscle 
substance. The inconstant structure of the areas of Cohnheim appears 
to correspond with the phase of the gold-impregnated network formed 
by the progressive hydrolysis of the neurosomes in the sarcoplasm. 

5. The pliability of the active muscle appears to depend upon the 
normal colloidal compounding of the nerve and muscle substances. 
The muscle stiffness associated with disuse is accompanied by an ab- 
normal aggregation of the nerve substance into large clumps inside 
the muscle fiber, resulting in a loss of the normal dispersion of fine 
granules of nerve substance. This abnormal clumping of nerve sub- 
stance in the inactive muscle fiber appears to be a form of partial intra- 
muscular denervation. The normal dispersion of fine neurogenic par- 
ticles in muscle is dependent upon the normal reciprocal activity of 
nerve and muscle. Inactivity slows down the periodic neurogenic dis- 
charge of granules into muscle and appears to increase the viscosity 
and delay the disappearance of the pathologic nerve fluid flov. ing into 
muscle. 

6. The giant fusiform neurosomes that appear during the early 
period following tenotomy disappear or are greatty reduced in number 
when the living muscle m situ is restretched adequately prior to ex- 
cision and gold impregnation. 

7. The increase in size and weight of the d3’'Strophic nerve fibers 
supplying the gastrocnemius muscle is associated with the follov/ing 
structural changes; (i) edema and passive hyperemia of the intra- 
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neural blood vessels; (2) increase in diameter of the a?:ons; (3) pro- 
gressive dcmyelinization, the products of vdiich are discliarged centri- 
fugally through the axon into the dystrophic muscle. I’he evidence 
appears to support the conclusion that there is a continuous generation 
of pathologic material by the dystrophic nerve for 2 or 3 weeks follow- 
ing tenotomy- Over a period of lime, tlic mass of abnormal nerve sub- 
stance discharged into the d3'Strophic muscle would be con.siderably 
greater than the initial mass of nerve nbers at the time of tenotomy. 

8. One factor in the atrophy of disuse of muscle appears, therefore, 
to be a substantial loss of the discharge of the normally fine ncurosomes 
from nerve endings into skeletal muscle. This lo.ss of physiologic 
neurosonies is associated with decrease in the mass of the myoplasm. 
Gratitude is expressed to Dr. G. Kasten Talhnadgc for rc.ading tire manuscript. 
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The photomicrographs of Figures i to 75 are from either teased whole muscle 
fibers (gastrocnemius muscle) and nerve endings, or from cro-s or longitudinal 
sections of muscle from the white rat (Mus r.orvi'iilais) and pseudo •chameleon 
(Anolis carolwiemis) . 'Die muscle w.as previously prejiarcd by one of three 
methods, namely, gold, methylene blue, or silver. The photographs were direct 
contact prints from negatives exposed through the microscojie and suhscrjuently 
enlarged. They may be compared directly, therefore, with those previously pub* 
lished. In the plates, "epa” designates the cpilcmmnl axon; "hy.a,” ilic In^iolemmal 
axon; “NS” or “Gns,” small or giant pathologic fusiform neurosomes or neurogenic 
particles discharged from nerve endings into tlic myoplasm; “Kg,” Kiihne's granules, 
or normal physiologic neurosomes; “NE," nerve endings. The negatives and prints 
were not retouched. 

Plath :8 

Figs, i to 7. Dificrcntial structural effects of three different neurologic technics 
are demonstrated on the neuromuscular apparatus in the same gastrocnemius 
muscle of the pseudo-chameleon (Anolis caroUnicnsis) , used Itccause the motor 
end-plates arc two to four times larger th.an in mammali.an muscle. The 
variable appearances of the motor end-plates produced by gold (Figs, i and :) 
and methylene blue (Figs. 3 and 4) in teased whole muscle fibers are con- 
trasted with those produced by silver (Figs. 5, 6, and 7) in lon,gitudin.al sec- 
tions after formalin fixation. The differences in the structure of the ncr\‘c 
terminals produced by these three technics arc found in mammalian as well 
as chameleon muscle. The granules of Kuhne (Kg) arc clearly visible in some 
of the preparations made with gold impregnation (Figs, i and :) but are in- 
visible or poorly shown in those made with methylene blue (Figs. 3 and 4) 
and silver (Figs. 5, 6, and 7). Tlic tremendous' deformation of the netwc 
terminals produced by formalin fixation, silver impregnation, and alcoholic 
dehydration (Figs. 5, 6, and 7) is clearly apparent. No such deformation occurs 
when the gold (Figs, i and 2) or the methylene blue (Figs, 3 and 4) methods, 
which require no fixative, are employed. Tlic nuclei contain nucleoli and arc 
in close relation to the terminal filaments of the ncrv'c endings. These nuclei 
are more clearly observed after silver impregnation (Figs. 5, 6, and 7). Rings, 
loops, terminal brushes, and networks are found on certain nerve endings 
after the silver method is used. The nuclei form clear oval spaces surrounded 
by granules after the use of gold impregnation. The technic of choice, there- 
fore, to demonstrate the neurogenic granular discharge (Kg) into muscle 
from the nerve endings is gold impregnation followed by teasing of the whole 
muscle fibers (Figs, i and 2). The periterminal network of Boeke is found in 
silver preparations, but in place of this network a copious accumulation of 
the granules of Kiihne is demonstrated by the gold method. When these 
granules are depleted or absent around the ncr\’c terminals, the periterminal 
network is absent. This evidence suggests that the preparation of muscle by 
the silver method converts the granules of Kiihne into a network. This net- 
work is found between the end of the ner\'e and the anisotropic substance 
of the muscle fiber. X 850. 


152 



American Journal of Pathology. Vol. XXIV 


Plate 28 





I’l.ATi; :<) 

rips. S to i:. Gold tcchnir, ?fca?cd whdU- muM'lr nbcr. X -’co. 

Fig. S. Spray of nu'dullatcd nerve jibrr.s and nerve crniini:*- from a ndativcly 
normal gastrocnemius muscle removed from an eiheri/’t'd ra*. The retracted 
nerve ending is in a dark, coar.'^ely stranular muscle fdier, and the e.xpandcd 
nerve endings are in the light, finely granular or agr.inular muscle fibers. The 
normally functioning muscle manifests fractional contraction, the stnictural 
expression of which is the differential structure of the imi'Cle fdicr,*; and nerve 
endings. The dark, granular muscle fiber is related to a hv'perchrysophilous 
nerve ending surrounded hy fine gramile.^ of Kithne or jihysiologic netirosomes. 
The light, relatively agranular fibers are related to expanded nerve endings, 
which are in various stages of depletion of the surrounding phy.^iologic neuro- 
some.s. The types of muscle fibers are related to the different plmses in the 
discharge, diffusion, and dissolution by hydrolysis of nonnai nrurosomes 
secreted from the nerve endings, as well as to the granules secreted by the 
nuclei in llie sole plate and in the muscle. 

Fig. 9. Spray of racdullaicd nerve fibers and nerve endings in the gastrocnemius 
muscle 48 hours after tenotomy. There is an increase in number of the dark, 
granular muscle fibers, and in (he diameter and staining capacity of the cpilcm- 
mal a.xons. 

Fig. 10. Motor innerwalion of the gastrocnemius muscle 15 d.ays after tenotomy. 
The dark, granular muscle fibers arc decreased in number, Tliere is InT^cr- 
chix’sophilia of the fusiform ner\'e endings. There is retardation in the rate of 
discharge, diffusion, and dissolution by hydrolysis of the neurogenic granules, 
manifested by a substantial accumulation of the droplets into giant fusiform 
ncurosomes. 

Fig. II. Motor innervation of gastrocnemius muscle 10 days after tenotomy. The 
dark, granular muscle fibers arc decreased in number. There is hyperchryso- 
philia of the nerve endings and a slowing down in rate of discharge, diffusion, 
and dissolution, manifested by small pathologic ncurosomes in the muscle. The 
small or giant ncurosomes may appear at any time from i to ai days after 
tenotomy. 

Fig. 12. Depletion of innerv’ation and gradual loss of dark muscle fibers in the 
atrophic gastrocnemius muscle 30 days after tenotomy. The dark, granular 
muscle fiber, therefore, is the structural e.xpression of the normally functioning 
motor nerve supply that periodically discharges physiologic ncurosomes into 
the muscle fiber. 
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Pl.ATn .'^O 

Figs. 13 to 10. Gold tcclihir, frozen i.rn.'.'i ^eciion,'. .;co. 

Figs. 13, 14, and 15. Cross sections of the normal {'.nstrocnemius muscle fiher.s of 
the rat arc demonstrated. Relatively narrow, coars(dy cramilar fi!)er.>. medium- 
sized and finely granular fibens, as well as wide, relatively agranular and reti- 
culated fibers are evident. Tlie network is clc.arly pre.'ented in some of the 
fibers (Figs. 20 to 22 ). Thi."; fine, cbry.^ojibilous network of the large muscle 
fibers, and the dissolution of this net, appear to be stapc,s in the hydroly.M's of 
the large granular neurosomes found in the small, dark muscle fiber. These 
multiform neurosomes occupy the space of the sarcoplasm found between 
the myofibrils and groups of myofibrils. 

Figs. 16 and 17. Cross sections of giant fusifonn neurosomes (Gns.i, in various 
locations of the gastrocnemius muscle fibers 10 day.s after tenotomy, llicsc 
patliologic neurosomes have the same affinity for gold as li.ave the neiwc 
endings (Fig. 17, NE). These neurosomes arc either unifonnly and densely 
impregnated with gold or they have a light center composed of fine granules 
and forming a circle or oval in cross section. Tlic material of these fusiform 
spaces is soluble in .\ylol and alcohol, and in ordinary histologic preparations 
clear clefts in the muscle fiber arc produced. Tiic cleavage of the myoplasm 
described in muscle dystrophy may be produced by these neurosomes which 
are dissolved in ordinarj’ preparations. 

Fig. 18. Cross sections of muscle fibers 15 days after tenotomy. The small patho- 
logic neurosomes are densely stained in a manner similar to the epilemmal and 
hj^olemmal axons of the ncrv'c endings. These pathologic neurosomes arc 
at the peripheiy’, the center, or between these two locations. There are single, 
double, or multiple neurosomes. 

Fig. 19. There is definite atrophy of the muscle 30 days after tenotomy. The 
dark, granular muscle fiber (Fig. 13) is practically eliminated after 30 daj-s 
of disuse atrophy. 
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I'igs. 20 to Gold technic, frozen cro.<s 5ection5. X -Jcd. 

Figs. 20 and 21. Cro.'S sections of giant fusiform neurosomes ('Gns’i in eastroc- 
nemius muscle 10 days after tenotomy. In some muscle tlhors the neuro.=omes 
form a large dark hub. whereas in other fiber.' these bodie.s are found at the 
peripherx- under the sarcolemma. In certain fibers f'Fic:. er'i the airglutination 
of the gold-impregnated material is found in the .small, light muscle fibers 
undergoing considerable atrophy. In such muscle fibers there appears to be a 
lack of the normal diffusion of the gold-impregnated material throughout the 
muscle fiber. The areas of Cohnheim appear to be formed by the coar.-er 
strands forming a network of the gold-impregnated material, which has not 
become accumulated into the giant fusiform neurosomes. 

Fig. 22. Cross sections of small neurosomes 15 days after tenotomy of the gastroc- 
nemius muscle. In those muscle fibers in which the gold-impregnated material 
forms a uniform network, there is an absence of the pathologic neurosomes. 
Various stages in the aggregation -of gold-impregnated granules are found in 
different muscle fibers. During atrophy of disuse by tenotomy, there is a 
progressive loss of the characteristic coarse and darkly granular muscle fiber 
obser\-ed in the normal muscle in relationship to a nonnal innervation ffor 
comparison with Fig. 13 ). 
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Figs. 23 and 24. Innervation of gastrocnemius mu.scle of the rat 24 hours (Fig. 
23) and 96 hours (Fig. 24) after tenotomy. 'ITicrc is a copious discharge of 
giant fusiform neurosomes (Gns) 9G hours after tenotomy (Fig. 24). ns well 
as increased diameter and staining capacity of the cpilemmal axons. The 
normal cpilemmal axons (Fig. 8), and those at 24 hours (Fig. 23) after 
tenotomy, vary from 1 to 7 /x in diameter, whereas at 96 hour.': following 
tenotomy the axons varj’ in diameter from i to 20 /t. Disuse of the innerva- 
tion following tenotomy produces an enlargement of the axons of the nerve 
supply because of the delay in, or block to, the neurogenic discharge by dis- 
use, through loss of normal stretch of the muscle fiber. Gold technic, teased 
whole muscle fibers. X 200. 
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Platk 

Figs. 25, 26. and i;;. Innervation of tlic pastrocnemiu' mn^cle of the rat 15 days 
following tenotomy, Tlie discharge, diffusion, and disappearance l>y hydrolysis 
of the giant fusiform neurdsomc.s are greatly slov.-ed hy disuse and loss of 
normal stretch of the muscle liber. ?ome of the pathologic neurosomes are 
hyperchrysophilic whereas othcr.s undergoing dissolution by hydrolysi.^ are 
cither hypochrysophilous or achr>',soj)hilous. The abnormal .•structural e.x- 
pression of the neurogenic transmitter sub.stance is the result of retardation 
in the rate of the chemical iniluence of nerve on muscle. The .«:lruclurc of the 
pathologic chemical tran.smitter is more easily demonstrated than normally 
by slowing the rate of nerve impulses by disuse following tenotomy. The 
abnonnal transmitter substance accumulates in quantity under slow motion 
and assumes, by streamlining, the shape of a torpedo that slowly diffuses and 
dissolves in the muscle substance. The drag or frictional resistance of the 
myoplasm is reflected in the turbulent eddies and distortions of the cross 
striations produced at the prow and in the wake of the travelling neurosomes 
(for comparison with Figs. 63 to 75). Gold technic, leased whole muscle 
fibers. X 200. 
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Plmi: 

Figs. 2S 1039. Xomial f Fip.^. 30 lo 3::. and 35 fo 381 and ahnomial < !']{:.■;. rS, 29. 
33. 3.}, and 39't variations in the structure of the motor nerve endinK.s and 
cpilemmal axons in the pa.ttrocnemius muscle of the r.if. The pleomorphism 
of the nerve endiiiK appears to be produced by the neuruprotoplasmic stream- 
ing of ameboid motion of the terminal hypolemmal axons. Tlte periodic di-S- 
charge of normal granules of neurosomes produces the granules of the sole 
plate of Kiihnc. (Kg). Some of these granules are produced also by the 
nuclei related to the normal nerve endings. These granules are usually in- 
creased in amount around the retracted endings and depleted around the ex- 
panded (Figs. 34 to 37) and exhausted (Fig. 3S') endings. The engorgement 
and depletion of the epilcmmal axons apjx^ar to result from the centrifugal 
conduction and peripheral discharge of neurogenic substances by microperi- 
stallic waves. During the first week after tenotomy, the hypolemmal and 
epilemmal axons appear to be engorged with an increased amount of gold- 
impregnated material (Figs. 2S. 29. 33. and 34 1. From the 7th to the 14th 
days, the motor end-plate usually takes a uniform impregnation with gold 
because of the increased amount of neurogenic material which it contains. In 
direct continuity with this pathologic nerve ending (Fig. 59, NS), there are 
projections of pathologic neurosomes which likewise arc deeply impregnated 
with gold. Gold technic, teased whole muscle fiber. X S50. 





Tigs. 40 10^6. Hypcrclirysophiiia oi motor nor\'u enciinj:.- in the Kastrocnemiu.' 
muscle of the rat lo days after tenotomy. ITie densely impregnated nerve 
endings are spherical, oval, or fusiform. In some ncr\’c endings there is a 
beginning discharge of a light cloud of pranule.s (Figs. .55. 44, and 46) to the 
right of the nerve ending. The genesis of a giant neurosomc is observed in 
the last nerve ending (Fig. 46, Gns). With silver impregnation after formalm 
fixation there is evident an increased number of nuclei around the motor end- 
plates as well as an increase in the number of the ncurofibrils in the terminal 
axons. The significance of these changes manifested by silver is not evident 
without a comparison with the morphologic changes revealed by the teasing 
of whole muscle fibers after gold impregnation. The latter method is belter 
than the former to demonstrate that the motor cnd-plate is a microscopic 
gland of internal secretion, the structure of which varies with the phases 
of secretion. Gold technic, teased whole muscle fibers. X 850. 
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Figs. 47 to 56. Tlie gcnc.sis of giant, globular and hemispherical pathologic ncuro* 
somcs (Gns) from ner\-c endings in the gastrocnemius mu.sclc of the rat 12 
days after enclosing (he right hind leg in a plaster of Paris cast. Tlic mush- 
room eruption of the light cloud of granules from two nerve endings (Figs. 
52 and S3) has a micro.scopic structure roughly comparable to the cloud of 
eruption produced by the explosion of the atomic bomb at Bikini in 1946. 
There is a complete transformation of some terminal neta'c endings into a 
fusiform mass of granules (Figs. 55 and 56). The morphologic changes in 
muscle by immobilization of the Ifmb in a cast are quite comparable to tliose 
produced by tenotomy. The neurosomic masses discharged during the early 
stages of disuse produced by a cast are usually more globular and m*al than 
those produced subsequent to tenotomy. This mechanical deformation of the 
giant neurosomes may be dependent upon the differential rates of atrophy of 
muscle following the two methods of inducing disuse. Gold technic, teased 
whole muscle fibers. X 850. 
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IGS. S7to62, The genesis of elongated, giant fusifomt ncurosomes (Gnsj from 
motor ncr\'c endings in the gastrocnemius muscle of the rat 15 days (Figs. 
57 to 61) and I day (Fig. 62) after tenotomy. Tlicrc are progressive stages 
in the accumulation, projection, and discharge of these ncurosomes retarded in 
rate of secretion by the disuse of the muscle following tenotomy. Some of 
these ncurosomes are intensely impregnated with gold, whereas others take 
the gold impregnation very lightly. The slowing in the rate of discharge of 
nerve impulses into muscle by disuse determines the increase in the quantity 
of the neurogenic secretion observed at and around the nerve terminal. The 
visualization by photography of the pathologic ner\'e impulse is, therefore, 
determined by the accumulation of neurogenic substances produced by the 
retardation in the rate of discharge, diffusion, and dissolution by hydrolysis of 
the neurogenic secretion from the motor ner\’e endings. Gold technic, teased 
whole muscle fibers. X 850. 
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I'lr.s. 63 to Oi). Giant fusiform neurosoines ((Jnst in thr. myopiasm of thf castroc- 
nemius muscle fibers of the rat 15 clays after tenotomy. Friction of the 
myogenic Iluid .';lo\vs clown tlie transmi.^sion of the jtiant neurosomes. Tlic 
re.«isling drag of tlie myopiasm on the moving neuro>omes is associated with 
the formation of whirlpools or eddies. 'Hiese lurhuient eddies trail behind the 
neuro.some.s. The streamlining of the neiiro.somes results in tafiering ends. 
The pointed rear end is more important in .streatnlining than the front end 
and in .some locations (Fig. 65) neurosomes assume the "tear-drop design” 
of streamlining with one end blunt and conve.x like that of a torpedo. Tliis 
design is modified, however, by the fact that the neurosorne is not an inert 
particle moving in the muscle, but is .‘mhjected to colloidal interaction and 
undergoes progressive incoqioration in the muscle. The rc-NiiUing eddies or 
vortices are delected by the distortion of the related cro.ss striation.s at the 
prow and in the wake of the giant neurosomes. These neurosomes undergo 
progressive dissolution (Figs. 68 and 69) hy hydrolysis, and their granules 
become incorporated into, and aligned with, the cross striations of the muscle. 
Gold technic, teased whole muscle fibers. X S50. 
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Figs. 70 to 75. Single (Fig. 70} and duple.v giant fusiform neurosomes (Gns, Fig.'. 
71 to 75)' in the ga.'troctumius muscle of the rat iS days after tenotomy. 
Some neuro.'omt'S arc In-pcrchrA'sophilous (Fig.'. 70 and 71 ). OUters. in dif- 
ferent dcgrce.s of dissolution, arc hypochiysophilous (Fig.s. 7; to 75), Tliesc 
neurosomes gradually disappear hy hydrolytic granulation, and their granules 
become aligned with the striations of the muscle. Tlic structural c.tjircssion 
of these pathologic neurosomes in muscle is the resultant of a slowing down 
in the rate of diffusion and dissolution of neurosomes accompanying the re- 
tardation in rate and consequent increase in mass of the neurosomes that 
parallel the pathologically slow rate of nerve impulses in muscle undergoing 
atrophy of disuse. The real function and significance of the. structure of the 
normal neuromuscular apparatus are revealed by retarding the rate of the 
normal discharge, diffusion, and dissolution of the neurosomes that accompany 
the normal electric signs of the nerve impulses. Gold technic, teased whole 
muscle fibers. X S50. 
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VASCULAR PROLIFERATIONS, WITH FEATURES OF ARTERIOVENOUS 
ANASTOMOSES, IN THE SYMPATHETIC CHAIN OF 
HYPERTENSIVE PATIENTS * 

Raitaele Lattes, M.D. 

{From the Department of Pathology of the New York Post-Graduate Medical School 
and Hospital and Columbia University, New York, N.Y. 

In the course of the routine histologic study of large numbers of 
thoracolumbar sympathetic ganglia removed surgically in patients with 
essential hypertension, peculiar vascular structures of organoid ap- 
pearance were observed repeatedly. It is the object of this paper to 
describe these findings, and to discuss their possible significance. 


Material 

The observations reported here have been made on specimens from 
thoracolumbar sympathectomies performed on hypertensive patients. 
The portions removed usually included the area from the second or 
third thoracic ganglion to the second or third lumbar ganglion. ^ How- 
ever, because the specimens were not always removed in one piece, a 
proper identification of the provenance of an individual ganglion was 
-often impossible. As control material, the s5mLipathetic chains of 5 
patients who had died from diseases other than essential hypertension 
were obtained at autopsy. The respective ages of these patients were 
2 days, and ii 54 , 26, 35, and 52 years. For the majority of the cases, 
the ganglia were fixed in Zenker’s solution, and the par n sec ions 
were stained with hematoxylin and eosin, Masson s trichrome stain, 
resorcin stain for elastic fibers, and Wilder’s stain for reticulum. A 
few of the specimens, after fixation in chloral hydrate, ^ 

with the Cajal silver nitrate method. Some were fixed in Ort 

and stained with the method of Schmorl. In 8 cases, ^ ° ^apneral 
removed by the surgeon were studied in serial sections^ In genera 
however, the paraffin blocks were cut at three or four different s, 
but no complete serial study was made. 

Microscopic Findings 

In a fraction of the cases examined, f "f 2 ^. 

immediately adjacent nerve trunks show^ p^ate diameter, 

fined, usually round bodies, up to 5 p psndion 

situamd either in'the substance or near the capsule of the ganglion. 

* “a kSS^ical Society, Oclobar sc i,„. 
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and consisting of a cotnplcx system of narrow, tortuous blood channels 
arranged in glomerular’^ fashion, associated with an arteriole and 
connected with efferent venous sinusoids (Figs, i to 7). The small 
vessels of these vascular bodies were lined by large endothelial cells 
that could be remarkably swollen so that the respective lumina often 
were inconspicuous. The more or less abundant intervening stroma 
contained varying numbers of elongated or round elements with oval, 
vesicular nuclei larger than those of the adjacent endothelial cells. The 
cytoplasm of these c.xlrn-endothclial cells ns a rule was clear; it might 
contain small eosinophilic granules but no definite myofibrils. These 
cxtravascular elements were at times (but not always) wrapped around 
part of the circumference of the small vessels of the bodies. In other 
instances they appeared to be scattered in the stroma between the 
vascular loops. 

The arteriole associated with these structures showed, in general, a 
marked hypertrophy of its muscular coat, and often hyalinization and 
degeneration, even to a marked degree. In most of the cases, how- 
ever, the small vessels of these structures seemed to sprout directly 
from the wall of tlie associated arteriole and to communicate with 
its lumen (Figs. 6 and 7). Schmorl stains for chromaffin substance 
have been negative in these bodies, and no relationship appears to 
exist between them and the not infrequent finding of masses of chro- 
maffin tissue in the vicinity of the ganglia. The study of a possible 
innervation of these small organoid structures has been difficult be- 
cause to date I have found no way of predicting, through clinical 
data or gross inspection, which of the ganglia will show positive find- 
ings. However, after sectioning serially several ganglia prepared with 
the Cajal method, some vascular glomeruli were identified. The photo- 
micrograph (Fig. 5) shows that the silver impregnation has been suc- 
cessful but that the body itself contains no axons. Regressive changes 
have been observed in some of the glomerular structures, and they con- 
sist in general of foci of fibrinoid degeneration and necrosis similar to 
those observed in the walls of the arterioles in malignant hypertension. 
These are interpreted as diseased arteriolar segments. 

As has already been mentioned, the microscopic findings in some of 
the cases suggest that the tortuous capillaries and the intervening 
extra-endothelial cells (pericytes?) composing these glomerular vascu- 
lar structures take their origin from tlie adventitia of diseased arter- 
ioles. These appear to be surrounded by a highly cellular zone, in 

* The term "glomerulus” or "glomerular structure” used here and in the following 
paragraphs is not intended to imply any resemblance to the renal glomerulus, nor to the 
neuromyo-arterial glomus. It is used in its original literal meaning of “small body.” 
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which there are narrow capillaries and large irregular cells with vesicu- 
lar nuclei, similar to those seen, and already described, in the fully 
developed vascular bodies (Figs. 8 and 9). 

Furthermore, in some recent favorable cases in which the vascular 
glomerular structures could be studied three-dimensionally by means 
of serial sections, it appeared that some of the associated arterioles 
were segmentally involved by severe necrotizing arteriolar sclerotic 
disease, and that the proliferation of small blood vessels and accom- 
panying pericytic cells was originating from the segments of the arter- 
iole immediately adjacent to the involved portion. 

Before ending this description, mention should be made of the venous 
circulation in the sympathetic ganglia. This appears to consist ex- 
clusively of sinusoidal vessels, with prominent endothelial lining, and no 
muscular coats. These sinusoids are often seen to be situated alongside 
of, and in direct contact with, the muscular coats of the adjacent small 
arteries and arterioles. It is in these venous sinusoids that the blood 
from the capillary system of the ganglion is collected (Fig. 10). The 
existence of similar large venous sinusoids in the sympathetic ganglia 
of rabbits was recognized and described by Ranvier in 1875. The prob- 
able importance of this type of sinusoidal circulation in the mechanism 
of formation of the vascular glomerular structures will be discussed 
below. 

Incidence 

Observations were made from specimens from 95 thoracolumbar 
sympathectomies. Vascular glomerular structures were found in 9 pa- 
tients, in 3 of which the bodies were found in the ganglia of each side. 
Ganglia containing multiple bodies were found four times; two con- 
tained two bodies, one four, and another five. These findings make 
no pretense of statistical accuracy, as serial sectioning was used only 
in a few of the specimens. 

Relationship Between Presence of Vascular Bodies 
AND Clinical Features 

The 9 patients in whom the vascular glomerular structures were 
found were all in advanced stages of arteriolar sclerotic hj’pertension. 
The average age was 35-ii 3'^ears. There were 7 females and 2 males. 
The average duration of the disease was 7-5 All of the patients 

complained of subjective symptoms consisting of headaches, nervous- 
ness, dizziness, and often blurred vision. In 7 the ex'^egrounds showed 
sclerosis of the arterioles, arteriovenous nicking, and old and recent 
hemorrhages. In 2, no record of ophthalmologic examination va? lound 
in the clinical chart. At least traces of albumin Vicre lound in the urine 
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of all. The urea clearance, and the pitressin concentration tests showed 
definitely impaired renal function in 4, and apparently in only one case 
was the function of the kidney within normal limits. 

Discussion 

The objects under consideration are well defined, complc.x vascular 
bodies of organoid structure which appear to be interposed between 
vessels of arterial and of venous type. The associated arteriole is in 
general affected by advanced arteriolar sclerosis. Between the small 
tortuous capillaries of tlie “glomeruli’' there arc varying numbers of 
large, clear, exlra-cndothclial elements resembling the pericytes studied 
originally by Zimmermann and more recently by Murray and Stout 
(Figs. 2, 8, and 9). Some of the histologic findings seem to indicate 
tliat the vascular elements in question originate from a proliferation of 
small blood vessels and of pericytic cells which, starting in the adventitia 
of diseased arterioles, connects them with large venous sinusoids. 

To the best of my knowledge, no similar structures have hitherto 
been described, either for normal or pathologic human sympatlictic 
ganglia. Furthermore, tlie personal study of serial sections of the stel- 
late ganglion and of the thoracolumbar sympathetic ganglia of 5 pa- 
tients dying from causes other than essential hypertension failed to re- 
veal any comparable finding. Only one paper could be found in the 
available literature which appeared to offer a possible lead in the in- 
terpretation of these findings. This is an article by Nonidez, in which 
he described in great detail his observations of simple and multiple 
arteriovenous anastomoses in die stellate and thoracic ganglia of young 
dogs, believed by him to belong in the same class with the glomus 
coccygeum and the peripheral neuromyo-arterial glomus of Masson. 
These are organoid structures consisting of multiple arteriovenous 
channels surrounded by conspicuous clear epithelioid cells which are 
richly innervated by efferent and afferent fibers. Nonidez suggested 
that they may represent organs for the regulation of the blood pressure. 
No similar structure appears to exist in the normal human sympathetic 
ganglia. 

The structures described in diis paper and the bodies of Nonidez 
in the dog appear to have only a superficial resemblance. Both have an 
organoid architecture and consist of a complex network of blood vessels 
interposed between an arteriole and efferent venous sinusoids. How- 
ever, in the structures described by Nonidez, the vascular channels of 
the multiple anastomoses show orderly arranged, perivascular, clear 
epithelioid cells interpreted by him as modified smooth muscle cells. In 
the structures illustrated in this paper, extra-endothelial cells of peri- 
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cytic are present, but are not as conspicuous nor arranged in as 
orderly a^ fashion. Furthermore, the rich innervation described by 
Nonidez in the structures studied by him could not be demonstrated 
in my cases. This seems to me to be a strong point against considering 
the present findings as structures of the neuromyo-arterial glomus type. 

In my opinion, the occurrence of these vascular bodies is closely 
related to the presence of severe arteriolar sclerotic disease. In fact, 
this is strongly supported by some of the findings illustrated in the 
preceding paragraphs, and by the absence of similar structures in the 
ganglia of nonh3rpertensive persons. The vascular channels of these 
glomerular formations appear to represent a short cut between the dis- 
eased arterioles and groups of large venous sinusoids. Because of tliese 
features, they can be rightly considered as arteriovenous anastomoses, 
occurring in areas where the normal blood flow has been interfered with 
by pathologic changes in the local arteriole. That new arteriovenous 
anastomoses can appear in regions subjected to various t3Ties of irrita- 
tion with disturbance of the blood flow has been conclusively demon- 
strated by Clark. Under the conditions described in my material, the 
appearance of arteriovenous anastomoses may represent an attempt to 
shunt the blood into the adjacent large sinusoids which constitute the 
venous system of the ganglia, and from here to redistribute it to the 
ganglion itself, through tlie numerous capillaries which open into these 
sinusoidal vessels (Fig. lo). Therefore, the observations of Nonidez on 
the dog acquire interest in the discussion of my findings. In fact, the 
presence of complex arteriovenous anastomoses in tiie sympathetic 
ganglia of other vertebrates may lead one to speculate on the existence 
of analogous but rudimentary structures in the human sympatlictic 
ganglia from w^hich the vascular bodies described above are derived. 

If morphologic peculiarities in the blood vessels of human sympathetic 
ganglia could be demonstrated, the presence of the vascular bodies in 
the ganglia and their absence in other organs or tissues of hypertensive 
persons could be understood. Search for such structures should be 
made either with injection technics, or with a three-dimensional model 
of the blood vessels of this region. 

Summary 

Peculiar vascular proliferations, with features oi artcrios cnou> 
anastomoses, have been observed in the thoracolumbar sjmp.stnetic 
ganglia of patients with sev'cre essentia! hypertension. Their occur- 
rence in svtnpsthetic ganglia, and not in oilier organs or tissue; of the 
Inqiertensive patient, is possibly related to some as yet unknown struc- 
tural specialization of the blood vessels of this region. 
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Fig. I. Photomicrograph showing two vascular glomerular structures near the 
capsule of a sympathetic ganglion from a case of essential hypertension. Hema- 
toxylin and eosin slain. X 115. 

Fig. 2. Higher magnification of one of the “glomeruli” seen in Figure i. On the 
left side may be seen an arteriole surrounded by clear, large, smooth muscle 
elements and three large venous sinusoids into which some of the narrow 
vessels of the vascular body open. Of note also are the numerous extra- 
cndothelial cells between the vascular loops of the body. Hematoxylin and 
eosin stain. X 550. 
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Plate 41 

3. Glomerular structure :it the periphetA’ of a sympathetic panKlion, showing 
a well defined expansion zone of the stroma. Several cross sections of a 
sclerotic arteriole, and a group of vessels, some of which arc surrounded by 
pcricyiic elements, may be seen streaming toward a large ihin-wallcd vessel 
in the upper portion of the photomicrograph, probably the collecting vein of 
the “body.” Hematoxylin and eosin stain. X 300. 
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Arteriovenous Anastomoses in the Sympathetic Chain 


Platk 4: 


Fig. 4. I'hotnniicro^niph of iwo sin'ct-rdinc .‘•ection.^. M.iinocl rc.'^pectively with 
hemato.xyliii and t'Osin and Wildcr’.s .‘^ilvcr stain for reticulum, of .a vascul.ar 
body found in the center of a pangiinn. Of note are the complete encapsula- 
tion of the body and the partial hyalinization of the associ.ated arteriole. The 
silver .stain demonstrate.': the regular jiattern of the reticulum. X 255. 

Fig. 5. Vascular glomerular .structure in a .symp.ilhetic ganglitm prepared by the 
method of Cajal. .A.von? are absent in the va.scular body. X 500. 
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Fig. 6. Composite picture .«;ho\vinf:: everx* third section of n vascular body studied 
serially. "Ilicrc is a close rel.ationship bfdwccn the u’all of the as.'ocialed. 
tortuous, thick-walled arteriole and the vascular body. Section e clearly 
demonstrates a communication between the lumen of the arteriole and the 
vascular network of the body. (For additional details of this section sec Fig. 
7.) Of note also are the venous sinusoids at the pcripher>' of the vascular 
body, into which the vessels of the body can be seen to open at different 
levels. Hematoxylin and cosin stain. X MO. 
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ic. 7. IIiKli-itovvcr j)iu)loniicr<i«r;iph of section •• fnnn ilu- >crie> .'iiown in Figure 
6 . The iilomerulnr iiody communic.ues nith the lumen of the .irteriole feenter 
of field I. and also with a peripheral venous sinusoid i riuhi side of field). 
Ilemato.\ylin and eosin slain. X 4:0. 

IG. S. Photomicrocrapli of an arteriole in a syinji.iihetic iranelion from a r.i-'f of 
essential hypertension. The marked concentric ihickenini: apparently ).>• cau.-ed 
to a great e.xtcnt by the presence of larue numbers of adventitial cells. .\l>o. in 
the peripheral zone there is formation of small spaces lined by dattened cell.- 
of endothelial appearance. This may be an early .stage in the hisiogener-is of the 
glomerular vascular structures. Hematoxylin and eosin stain. • tiso. 
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Fir.. 9. Pliolomicrogr.ipli showing .^n .'irtcrinlc nncl smaller hut similar ^'esfcls all 
surrountled by prominent, clc.ar. smooth muscle cells. Between them are large, 
irregular, clear elements with vc.sicular nuclei and occasional eosinoidiilic 
cytopla.smic granules, apparently derived from the adventitb of the .s.ame 
vessels, and suggesting a pericytic nature. This probably represents .an early 
stage in the histogenesis of one of the vascular glomeruli. Hematoxylin and 
cosin stain. X 4S0. 

JTg. 10. Photomicrograph of a symjiathctic ganglion showing a capili.iry blood 
vessel (A> emptying through a funnel-shaped channel into a large venous 
sinusoid (B). The other capillary blood vessel (C) running in a transverse 
direction is not connected with the sinusoidal space, llemaloxylin and eosin 
slain. X 570. 
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LESIONS IN ELASTIC ARTERIES ASSOCIATED WITH 
HYPERTENSION * 


C. T. Ashworth, MJD., and D. TM. Haynes, M.D. 

{From the Departments of Pathology of the Southwestern Medical College 
and Parkland Hospital, Dallas, Texas) 


It is a well established fact that morphologic alterations in the vascu- 
lar ‘system occur in hypertension, and extensive investigations have 
been carried out on this basis. One of the most constant of these altera- 
tions is intimal hyalinization and medial hypertrophy in the arterioles. 
This was described by George Johnson ^ in 1852, and designated arteri- 
olar sclerosis. The description of this lesion by Gull and Sutton ^ 
established its morphologic characteristics, and the observations of 
Jores,^ Bell and Clawson,^ Fishberg,® and Moritz and Oldt ® have 
added to the knowledge of this subject. The causal relationship be- 
tween arteriolar sclerosis and hypertension, however, remains some- 
what uncertain. The demonstration of the absence of arteriolar sclero- 
sis in early cases of essential hypertension by Castleman and Smith- 
wick ’’ has been interpreted as indicating that arteriolar sclerosis is the 


result, rather than the cause, of h5T>ertension. 

Certain regressive and progressive changes occurring in the muscular 
arteries have been described from time to time in connection with the 
hypertensive state. Medial calcification, belonging to this group, was 
first observed by Virchow.® Monckeberg,® however, gave the classical 
description and interpretation of this lesion, and it is now often re- 
ferred to as Monckeberg’s sclerosis. Medial calcification in the arteries 
of the lower extremities apparently begins during childhood and in- 
creases in incidence and in severity with age. Mthough, as Bell 
pointed out, hydrostatic pressure appears to contribute to its develop- 
ment, since the lesion is much more marked in the lower than m tte 
upper extremities, Dietrich found no definite correlation existing e 

tween medial calcification and h5T>^rtension. . , 10 , j 

In the muscular arteries, Marchand and Dietrich found th 
medial coat to have undergone hypertrophy in hjyertensive subjecte. 
In a more recent study, however, Zacharjewskaja was una e ^ 
stantiate this observation in so far as the renal 

Ectasia of the muscular, as well as elastic, arteries has been sto™ 
to occur in the senile period of life, and often in the absence of h^e - 
tension, Dietrich," however, has shown that chrome hyper ensm is 
also a very important factor in the producUon of ddatation of arteries. 
He noted that in young and middle-aged persons, ectasia of the muscu- 


* Received for publication, April 2 , i947> 
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lar arteries occurred only in the presence of hyi>crtension. Further- 
more, the dilatation was more marked in senile patients if hypertension 
was present. 

A large number of observations have been made concerning the 
alterations in the clastic arteries associated with hypertension. Aortic 
arteriosclerosis as well as that of coronary and cerebral arteries, is 
regularly considered to be more severe and more common in the pres- 
ence of prolonged hypertension. The mcdionccro.sis aortac idiopathica 
of Erdhcim occurs usually in patients who are hyfXirtensivc, and, by 
virtue of this fact, dissecting aneurysm of the aorta is commonly asso- 
ciated with the prc-e>:isting hypertension. In a careful microscopic 
study of the aortas in 210 routine autopsy cases, Rottino noted the 
frequent occurrence of simple muscle loss of the media, degeneration 
of the clastic lamellae, and foci of cystic mucoid degeneration of the 
media. These alterations were slightly more common and more severe 
in the hypertensive than in tlie nonhypertensive subjects of this study. 

An alteration of the elastic arteries has been noted in three hyper- 
tensive patients. Apparently this process lias not been previously 
described. 

Report of Cases 
Case I 

A colored male, 55 years old, was admitted to Parkland Hospital \vitb motor 
aphasia and h^Tiertcnsion. Tlic extremities were cold, and light palpation over 
the legs was painful. Multiple soft subcutaneous nodules were distributed over 
the body. This patient had been in the hospital on two previous occasions: 5 years 
and I year, respectively, prior to the final admission. At the time of the first 
admission he had c-x-perienced a sudden onset of pain and numbness in Uie left arm, 
and axillary, radial, and ulnar pulsations were absent on that side. A scalenotomy 
was performed without remarkable improvement. One of the tumor masses was 
removed and diagnosed as “neurofibroma with mj’xomatous degeneration.” Four 
years later, he was admitted complaining of headache, dizziness, and nausea. The 
blood pressure was 150/100 mm. Hg. The blood urea was 64 mg. per cent. The 
Kline test was negative and the blood urea was 16 mg. per cent. After 2 weeks 
of hospitalization without specific therapy of any sort, the patient’s general condi- 
tion had greatly improved. The clinical diagnosis was fajpertensive encephalopathy. 
During his find admission, the patient suddenly became unconscious and exhibited 
hemiplegia. He expired quietly on the tenth hospital day. 

At autopsy, there were numerous small subcutaneous neurofibromas 
over the entire body, but they were most numerous on the trunk. Focal 
areas of hyperpigmentation were present in the skin of the back. There 
were multiple, large, partially organized thrombi in the thoracic and 
abdominal aorta; the superior portion of the ascending thoracic aorta 
showed almost complete occlusion, as did the first artery arising from 
the arch, an arterial stem which gave rise to the two common carotid 
arteries. The second branch from the arch was the left subclavian 
artery, while the third and distal branch extended posteriorly, cours- 
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ing behind the esophagus, then to the right, becoming the right sub- 
clavian artery. There was a mural thrombus of the abdominal aorta, 
with extension into the superior mesenteric artery, and complete occlu- 
sion of the distal 8 cm. of the aorta. Thrombi also were present in both 
iliac and femoral arteries, in the left ventricle, in the branches of the 
small pulmonary artery, and in the splenic artery and vein. The left 
suprarenal medulla was the site of a tumor mass measuring 5.5 by 4.4 
by 3.2 cm. Sections from this lesion showed it to be a paraganglioma. 
There was an old area of encephalomalacia in the left temporoparietal 
region, involving the area of the word-memory center. There were 
bilateral cervical ribs, and moderate arteriosclerosis of the aorta and 
coronary arteries. 

Case 2 

The patient was a white male, 36 years old, who had had known diabetes mellitus 
for 5 years, and had been admitted to the hospital many times for treatment of 
various infections and once with edema of the leg and hypertension. He was ad- 
mitted to Parkland Hospital complaining of recurrent episodes of nausea and 
vomiting of 17 days’ duration, and generalized edema for the same period. Ex- 
amination revealed a blood pressure of 180/112, generalized edema, scarring and 
fresh hemorrhages in both optic fundi, and limitation of vision to light perception. 
Hemoglobin was 12.2 gm.; red blood cell count, 3,110,000; white blood cell count, 
12,600 per cmm., with a normal differential count. The urinary findings were: 
specific gravity, i.oii; albumin, 3 plus; sugar, i plus; many red blood cells, few 
white blood cells, and occasional casts. Chemical studies of the blood showed: 
sugar, 200 mg. per cent; albumin, 2.4 gm. per cent; globulin, 2.8 gm. per cent; 
urea, 184 mg. per cent; cholesterol, 429 mg. per cent. The Kline test was negative. 
For the 22 days of his hospitalization, the patient was nauseated, continued to be 
edematous, and eventually became alkalotic, with CO«-combining power of 8r.4 
volumes per cent. Tetany was treated by calcium gluconate injections. He be- 
came more edematous, and progressively drowsier, finally lapsing into coma and 
expiring. The clinical diagnosis was Kimmelstiel-Wilson disease. 

At autopsy 5 hours after death there was marked pitting edema of 
feet and ankles, right leg, and abdominal and chest walls. The peri- 
toneal cavity contained 6,000 cc. of a thin fluid, and there were 100 cc. 
of colorless fluid in the pericardial sac. The heart was not enlarged. 
jModerate arteriosclerosis of the aorta, aortic valve, and anterior mitral 
leaflets was noted, and there was marked coronary arteriosclerosis with 
narrowing of the lumina. The left ventricle showed focal areas of 
fibrosis. The lungs were the seat of acute passive Iwperemia and 
edema, and showed focal patches of bronchopneumonia. The kidneys 
were pale, and demonstrated a smooth surface, with prominent blood 
vessel markings; cut section revealed a markedly pale gray structure, 
the cortex measuring 9 mm. in thickness and showing indistinct cortical 
markings. The glomeruli could easily be seen as very pale yellowish, 
opaque bodies. The pyramids were indistinct, and considerably en- 
larged. Microscopic examination showed marked diffuse fibrosis and 
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Jiyaline replacement of /glomeruli, nllernating with areas of structurally 
preserved renal tissue with dilated tubules, 'J’he interstitial tissue 
showed focal and diffuse lympliocytic iri filtration, and there was slight 
to moderate arteriosclerosis and arteriolar sclerosis. The diagnosis was 
chronic and subacute glomeruionepliritis, 'flic duodenum showed acute 
mucosal erosion and small hemorrlinges, 'Fiierc was an area of marked 
liquefaction in the superior portion of the left lentiform nucleus; the 
cnceplialomalacic area extended into the surrounding while substance 
of the cerebrum, and the internal capsule was edematous, 

Tlic orifice of the left common carotid artery was completely oc- 
cluded by a moderately friable, adherent, dark reddish gray thrombus 
showing partial organiaalion. This thrombus c.xtendcd to the bifurca- 
tion of the common carotid artery. 

Case 3 

A white male, 60 years old, entered Parkland Hospital complaining of asthma, 
orthopnea, and productive cough of many years’ duration. He gave a hislorj- of 
known hypertension for 2 years, and had had attacks of paroxysmal nocturnal 
dyspnea for i year. There had been blurring of vision and severe frontal head- 
ache for 2 months prior to admission, and for 2 weeks he had been lethargic and 
oliguric, and suffered from anorexia. On examination he was found to be 
emaciated, lethargic, and dyspncic. Temperature was gS.6° F.; blood pressure, 
210/126, There was edema of the anterior chest and abdomen, along the posterior 
axillary folds, and over the sacrum. Dullness was elicited over the right lower 
lobe. The heart was not enlarged, and auscultation revealed premature auricular 
beats. The hemoglobin was 10 gm,, and the white blood cell count was 15,400 with 
a shift to the left in the Schilling hemogram. The specific gravity of the urine 
was 1,012 and the albumin was 4 plus. Chemical studies of the blood showed: 
urea, 105 mg. per cent; total serum proteins, 7.3 gm. per cent; albumin, 3.3 gra. 
per cent; globulin, 4.0 gm. per cent; COj-combining power, 53.1 volumes per 
cent. Venous pressure was 65 ram, of w'ater, and the circulation time was 23 seconds 
with decholin. The Kline test was negative. The patient received digitalis and 
aminophyllinc, and seemed to be improving, when he quietly expired on the eighth 
hospital day. The clinical diagnoses were “chronic glomerulonephritis, bronchial 
asthma, pulmonary emphysema, and generalized arteriosclerosis.” 

At autopsy, the peritoneal cavity contained 5,500 cc. of colorless 
fluid. The aorta showed ulcerated and hemorrhagic atherosclerotic 
plaques. There was moderate left ventricular enlargement of the heart, 
the left wall measuring 2 cm. in tliickness. There was marked coronary 
atherosclerosis. The lungs showed acute passive hyperemia, slight 
edema, and chronic fibrous pleuritis on the right. The kidneys were 
pale and presented a finely granular surface with many uniformly 
distributed areas of indentation. The cortical markings were not prom- 
inent. Microscopic study showed a marked degree of arteriolar nephro- 
sclerosis. 

In the gross examination of the elastic arteries of these three cases, 
thrombosis of the aorta and other arteries in case i and of the left 



LESIONS IN ELASTIC ARTERIES 


199 


common carotid artery of case 2 is the outstanding observation. 
Atherosclerosis was evident in some degree in each case; however, no 
further alterations were noted. A composite description of the micro- 
scopic changes in the elastic arteries of these three cases follows. 

Histologic Observations on Involved Arteries 

The principal alteration in the elastic arteries was in the medial coat. 
The outer musculo-elastic layers appeared to be partially collapsed, so 
that individual elastic lamellae lay close together and were for the most 
part intact. Some elastic fibers were broken into small, separate, re- 
tractile particles and were undergoing disintegration. This outer por- 
tion of the medial coat was the seat of marked increase in cellularity, 
due to proliferation and exudation. Elongated, fixed cells resembling 
fibroblasts were the proliferating constituents and these were regularly 
arranged parallel with the lamellae of the medial coat. The nuclei of 
these cells were hypertrophied and pale. Many new capillaries also 
were present in the area, extending in from the adjacent adventitia. 
Many of these vessels were represented by small, solid cords of endo- 
thelial cells without lumina while others possessed small lumina. The 
endothelial cells, like the fibroblasts, had swollen, hypochromatic or 
vesicular nuclei. Besides the young capillary units, there also were 
numerous thin-walled vessels, predominantly veins, which extended 
into the media from the adventitia. Some of these were arranged at 
right angles, while others extended circularly around the vessel. The 
degree of proliferation and vascularization was marked in cases i and 
2, while in case 3 it was slight. 

The exudative constituent of the medial lesion consisted of moderate 
numbers of lymphocytes which were diffusely scattered throughout the 
outer medial coat, being most numerous in the regions of capillaries and 
where proliferative changes were most pronounced. Occasional poly- 
morphonuclear cells and large mononuclear wandering cells were pres- 
ent also. In case 3, in which there was marked fragmentation of the 
musculo-elastic layer and small foci of coagulative necrosis in the outer- 
most portion of the media, polymorphonuclear cells were the main 
exudative component. 

In the adventitia there was a slight to moderate infiltration of 
lymphocytes, which were primarily collected in the region of blood ves- 
sels. These cellular infiltrates differed in appearance from those seen in 
syphilitic aortitis in their failure to form complete and intimate peri- 
vascular collars. The infiltration did not involve the vasa vasorum, 
and these vessels were not the seat of endarteritis. In the portion of 
the adventitia adjacent to the media, the collagenous bundles were 
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thickened and there was fibrous tissue proliferation, leading to slight 
cicatrization. Collagen bundic.s near the media v.-erc found to be mark- 
edly fragmented and occasionally the seat of early coagulative or 
fibrinoid necrosis. Capillaries with swollen endothelial cells v.-crc noted 
in this portion of the adventitia. 

The vasa vasorum were found to liavc thickened walls so that the 
lumcn/wall ratio was markedly reduced. There was a slight degree of 
hyaline deposit in the intima, but the most striking change v/as thick- 
ening of the muscle coat of the vasa vasorum. The muscle fibers of the 
media were distinctly increased in number, so that several layers of 
muscle cells had developed in these vc.^sels. The individual muscle 
fibers were hypertrophied and their nuclei swollen. 

In each of the cases reported there was atherosclerosis, involving 
the intima. In cases i and 2 atherosclerosis was slight or moderate. In 
case 3 it was marked, but in this instance the lesions described above 
were found in portions of the aorta where atherosclerosis was slight. 

Histologic Study of Aorta and Other Elastic Arteries in 
Hypertensht; and Nonhypertenswe Patients 

Microscopic study of the aorta, and in many cases also of the in- 
nominate, left common carotid, and left subclavian arteries, was made 
in 40 patients who had hypertension. Thirty-one of this group had es- 
sential hypertension, 5 had pyelonephritis, 3 had glomerulonephritis, 
and one had hypertension due to a paraganglioma of the adrenal. 

Atherosclerosis was present in at least a mild degree in every case, 
and in general it was considerably more marked in the hypertensive 
group than in the control group of nonhj'pertensive patients. In 15 pa- 
tients atherosclerosis of the elastic arteries was the only alteration 
present on gross and microscopic examination. Two patients had 
syphilitic aortitis. The remaining 23 cases revealed some degree of 
histologic alteration of the aorta which was considered to be distinct 
from the effects of atherosclerosis. The histologic changes were marked 
in 6 of these, moderate in ii, and slight in 6. Two patients in this 
group had arteriosclerotic aneurysms of the abdominal aorta. 

The histologic changes referred to were located in the media and 
adventitia and also involved the vasa vasorum. The most common 
alteration consisted of small collections of lymphocytes in the adven- 
titia, Except in those cases in which syphilitic aortitis was present, no 
fibrous proliferation was encountered. In the media, increase in num- 
ber and in prominence of capillaries and other small vessels were very 
common observations. The endothelial cells lining these small vessels 
often were swollen. Small numbers of l3miphocytes and polymorphonu- 
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clear leukocytes frequently were seen around these vessels in the media. 
Occasionally, small foci of degeneration or necrosis were noted in the 
outer portion of the media, associated with disruption of the medial 
elastic and muscular lamellae. Less common observations relating to 
changes in the media were atrophy of the musculo-elastic lamellae with 
reduction in thickness of the layer, areas of limited fibrous replace- 
ment, and mucoid degeneration. 

In the vasa vasorum, hypertrophy of the muscle coat and, occa- 
sionally, subendothelial hyaline deposition were commonly noted. The 
incidence of this arteriolar sclerosis was 35 per cent. 

It will be seen that these alterations occurring in the aortas of a 
series of hypertensive patients are similar, except for their milder form, 
to those described in the tliree reported cases. 

In a group of 50 control cases without hypertension, microscopic ex- 
amination of the elastic arteries failed to reveal alterations approaching 
those which have just been described. Atherosclerosis of marked degree 
was present in numerous cases and occasionally in such cases, small 
collections of lymphoid cells were noted in the adventitia. H3rpertrophy 
and hyaline deposition were not found in the vasa vasorum in any case. 
Atrophy of the media associated with marked atherosclerosis was 
noted occasionally. Otherwise medial changes were not encountered. 

Analysis of the clinical and pathologic data in the hypertensive series 
showed that there was no correlation between the incidence or the se- 
verity of the changes in the aorta, and the age or sex of the patients, 
uremia, the level of blood pressure, the etiologic mechanism of the 
hypertension, or serologic and pathologic evidence of syphilis. 

On the other hand, there was noted a certain degree of correlation 
between the severity of the lesions of the medial and adventitial coats 
of the aorta and the severity of the atherosclerosis. The degree of cor- 
relation is not great, and there were several cases of marked medial and 
adventitial alterations with only slight atherosclerosis. In a consider- 
able number of cases of marked atherosclerosis medial and adventitial 
changes were slight or absent. ' 

Comment on Pathogenesis and Significance 
OF Arterial Lesions 

The lesions described here bear some similarity to periarteritis 
nodosa. Especially since recent studies by Cromartie,^“ and Loomis 
have demonstrated the occurrence of periarteritis in rats which had 
been rendered hypertensive, the possibility of so designating the lesions 
described here must be considered. The distribution of the arterial 
lesions in the cases reported here is not that of periarteritis as seen 
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clinicnlly, nor is il tlmt of the type of perinrloritis observed in hyper- 
tensive rats. In Loomis’ study, the mesctdcric arteries were primarily 
involved, although lesions in the elastic arteries were recorded and de- 
scribed, The principal involvement of the media, the pre.sencc of de- 
generative changes in the elastic fibers, the muscular hypertrophy of 
vasa vasorum, and the absence of eosinophils in the lesions as de- 
scribed, indicate that fundamental differences from periarteritis nodosa 
exist. None of the three patients reported here had received sulfona- 
mide drugs, although periarteritis certainly occurs in the absence of 
such medication. 

From the morphologic standpoint it appears relatively certain that 
this arterial lesion is not due to syphilis. The absence of typical peri- 
vascular lymphoid collars in the adventitia, of endarteritis of the vasa 
vasorum, of characteristic meso-arlcritis, and of gummatous necrosis 
of the media arc the main points of difference between the arterial 
lesion described and that of syphilis. Serologic tests for syphilis were 
negative in the reported cases and no other visceral lesions of syphilis 
were found. Likewise, the occurrence of less severe aortic lesions of the 
same type were noted in the scries of hypertensive cases in which no 
correlation with serologic or pathologic evidence of sjTDhilis could be 
demonstrated. 

Observations on medial changes of the elastic arteries in hjiDcrten- 
sion must take into account the lesion described by Erdheim,^’^ named 
by him “medionecrosis aortae idiopathica,” and since studied by 
Moritz and by Rottino.”® This lesion, as pointed out by various 
observers, is a cystic necrosis developing in the central portion of the 
media, and absence of proliferative and exudative reaction is charac- 
teristic of the process. In this respect tliere is a fundamental difference 
between this type of medial necrosis and the lesion reported and de- 
scribed here. 

There have been several reports of experimental studies which 
indicated the occurrence of changes in arteries due to the administra- 
tion of adrenalin and other vasoconstrictor agents. These authors have 
reported degenerative changes, necrosis, and secondary inflammatory 
reaction in the media and adventitia of the aorta and of other vessels 
throughout the body. The changes described are similar to those re- 
ported here in human subjects with hypertension. In view of the 
muscular hypertrophy of the vasa vasorum of the vessels involved in 
our cases, and in view of the vasoconstrictive state which is understood 
to accompany the hypertensive process, we may assume the pathogene- 
sis of the lesions described here to originate with constriction of the 
vasa vasorum. This vasoconstriction would necessarily lead to anoxia 
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of the arterial wall^ which; if severe enough, would produce degenera- 
tive changes, necrosis, and secondary inflammatory reaction in the 
vessel wall. In case i, as reported, the mechanism of constriction of the 
vasa vasorum is apparently the excessive output of adrenalin by the 
paraganglioma. In the other cases, one of hypertension associated with 
chronic glomerulonephritis and the other of essential hypertension, the 
constriction of the vasa vasorum might be attributed to the general 
vasoconstrictive mechanism in these cases. The degenerative and 
inflammatory arterial lesions would be expected to occur more fre- 
quently and in more severe form in those cases in which the h3qDerten- 
sion is of a severe grade. 

One may consider what the primary event is when the medial lesions 
here described are found accompanying atherosclerosis. In syphilis of 
the aorta it is well known that the changes in the outer layers of the 
aorta predispose to atherosclerosis. Although it is quite certain that 
intimal lipoid deposition and hyalinization may occur in the presence of 
an otherwise entirely normal vessel wall, nevertheless it seems likely 
that the intimal deposits are hastened and exaggerated by medial dis- 
ease. This explanation might account in part for the exaggerated 
atherosclerosis in the aortas of patients with hypertension, since degen- 
erative and inflammatory medial lesions seem to occur in this group. 
However, increased pressure within the lumina of the elastic arteries 
appears to be a factor of great importance in the development of 
atherosclerosis in h5pertensive patients. 

The occurrence of marked thrombosis of the large arteries which was 
observed in two of the reported cases is of considerable importance. In 
case I, this phenomenon was at least contributory to the production 
of death, if not the main factor therein. Atherosclerosis, which was 
present in mild to moderate degree in these cases, cannot be considered 
the causative factor of the thrombosis since very severe and “ulcera- 
tive” atherosclerosis of the aorta produces only very small thrombi 
over the ulcerated plaques. Furthermore, the atherosclerosis in the two 
cases with thrombosis was not extreme, nor was it ulcerative. We are 
led to believe that the same vasoconstrictive anoxia, which is thought 
to account for the medial and adventitial injury, likewise produced an 
extensive intimal endothelial injury followed by thrombosis. 

It is tenable that the vasoconstrictive anoxia developing in this man- 
ner and present over a long period, produces the type of intimal injury 
which may be followed by atherosclerosis, according to the anoxic 
theory of atherosclerosis recently detailed by Hueper.^^ On the basis 
of this hypothesis, it is possible to account for the development of both 
medial lesions and atherosclerosis in hypertensive disease, and to ac- 
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count for the correlation in severity of t))csc two apparently separate 
lesions that has been shown to exist in tiiis report. 


Summary 

Three cases are reported in which imusual lesions were noted in the 
aorta and large elastic arteries accompanying liypcrtension. In two 
cases thrombi were present in the involved aricric.s. This alteration of 
the clastic arteries involved the media most strikingly. In its outer 
portion there were degeneration, necrosis, and collapse of the miisculo- 
elastic lamellae, accompanied by an exudation of lymphocytes and 
other inflammatory cells, and Iw proliferation of fibroblasts and capil- 
lary endothelial cells. In the adventitial layer there were perivascular 
l3''mphocytic infiltration, and muscular hypertroplu’' and lu'perpbsia 
with subendoUielial hyaline deposition of the artcriac vasoriim. 

In a review of 40 h3’’pertensivc cases, similar but much less marked 
alterations of the aorta and/or other large elastic arteries were noted 
in 23. 

On the basis of histologic findings, serologic tests, and other accom- 
pan3dng pathologic and clinical data, it is considered that tlie lesions 
of elastic arteries described arc separate and distinct from athero- 
sclerosis, syphilitic arteritis, periarteritis nodosa, and medionccrosis of 
the aorta. It is suggested that constriction of the vasa vasorum asso- 
ciated with the h3'pertensive state might lead to ischemia with injur3’- of 
medial and adventitial layers resulting in the degenerative, inflam- 
matory, and proliferative alterations noted, and that thrombosis might 
be explained on the basis of ischemic intimal injury. 
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Fig. I. Photomicrograph of the aorta in case i. A portion of the thrombus is 
adherent to the intima. Sh'ght atherosclerosis is present. The outer medial 
coat shows marked exudative and degenerative changes. Scarring and lymphoid 
infiltration are present in the adventitia. Hematoxylin and cosin stain. X 130. 
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Plate 47 

Fig. 2. Photomicrograph of the left common carotid artcr\- in case 2. An organized 
thrombus occupies the lumen. Tlie outer medial coal and adventitia are in- 
filtrated with lymphocytes. Of note arc the degeneration and necrosis of the 
medial musculo-elastic lamellae. The artcriac vasorum in the adventitia reveal 
medial hypertrophy. Hematoxylin and cosin stain. X 175. 
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ALTERATIONS OF CEREBRAL CAPILLARIES IN THE EARLY 
STAGE OF ARTERIAL HYPERTENSION* 

I, Mare Scheinker, MJ), 

{From the Laboratory of Neuropathology, Cincinnati General Hospital, and the 
University of Cincinnati, College of Medicine, Cincinnati, Ohio) 


The paramount significance of arterial hypertension in the production 
of cerebral tissue alterations has been emphasized repeatedly in recent 
studies.^"^ The object of this paper is to analyze the earliest stage of 
cerebral vascular changes in cases pf arterial hypertension, with special 
emphasis upon those seen in the cerebral capillaries. This study is based 
upon 6 fatal cases of arterial hypertension in which death occurred 
from I to 2 years after the onset of the disease. No attempt will be 
made to describe the findings in each case. Two illustrative cases, 
however, are presented in detail. 

Report of Cases 

CASE I 

A white male, 50 years of age, was admitted to the hospital with a history of 
arterial hypertension of i year’s duration. He had been in good health until 2 
weeks prior to admission, at which time he noticed severe frontal and occipital 
headache, malaise, and shortness of breath. During the last few days, the patient 
had had several bouts of paroxysmal nocturnal dyspnea. His wife stated that, 
within the past 2 weeks, the patient had shown occasional signs of confusion, dis- 
orientation, and forgetfulness. 

Examination. Upon admission the patient was extremely restless and confused. 
Eds temperature was 100 F.; pulse, 94; respirations, 20; blood pressure, 230/140 
mm. Hg. There was a suggestion of bilateral exophthahnus. The pupils were 4 
mm, wide, and reacted normally to hght and in accommodation. Examination of 
the fundi disclosed bilateral papilledema and a few hemorrhages. The neurologic 
findings were normal. 

Course. The initial state of confusion progressed rapidly through delirium to 
stupor and coma. Tlie patient finally developed generalized convulsions, and died 
on the ninth hospital day. 

Laboratory Data. A lumbar puncture performed on the third hospital day yielded 
clear, colorless cerebrospinal fluid under pressure of 600 mm. of water; it contained 
no cells; the total protein content was 138 mg. per 100 cc., and the Wassermann 
reaction was negative. A spinal tap performed on the seventh hospital day yielded 
xanthochromic fluid under pressure of 210 mm. of water; it contained no cells. 
The urine was grossly bloody and contained granular casts and albumin. The blood 
urea nitrogen on the second day after admission was 130 mg. per 100 cc. and subse- 
quently (3 days before death) rose to 210 mg. per 100 cc. 

Necropsy Findings 

The pathologic alterations, exclusive of those found in the brain, 
were summarized as bilateral confluent lobular pneumonia j cardiac 

* Received for publication, March 31, 1947 * 
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hypertrophy and dilatation; arteriolonephrosclerosis; right pleural and 
pericardial fibrosis; and i^ctcchial hemorrhages in the pleura, kidneys, 
pelvis, and urethra. 

Examination of the nervous sy.stcm was limited to the brain, which 
weighed 1400 gm. and showed a generalized increase in bulk. The gyri 
were flattened and the sulci narrowed. There was a slight increase in 
subarachnoid fluid in the parietal region near the midline. The pons, 
medulla, and cerebellum were not remarkable. There was a well defined 
cerebellar pressure cone. The blood vessels of the circle of Willis were 
normal in distribution and showed changes characteristic of arterio- 
sclerosis. 

Coronal sections through both hemispheres revealed a diffuse swell- 
ing of the white matter of the left hemisphere, with consequent com- 
pression of the left lateral ventricle. In the right hemisphere there was 
a massive hemorrhage in the vicinity of the island of Rcil and lateral 
to the internal capsule. Sections of the brain stem disclosed a small 
ball hemorrhage on the left side of the pons. In addition there was a 
diffuse swelling of the midbrain, with loss of demarcation between gray 
and white matter. Sections of the medulla and cerebellum revealed no 
gross abnormalities. 

Microscopic Findings 

Histologic examination disclosed abnormalities of two principal tjqjes: 
(1) vascular alterations, and (2) changes in the nervous tissue. 

The chief histologic alterations of the vascular system are shomi in 
Figures i and 2. The vascular changes were confined essentially to tlie 
capillaries. These exhibited a uniform pathologic process consisting 
of a combination of extreme cellularity and degenerative alterations 
of the vessel walls. The increased cellularity of the capillaries was the 
most striking and the most widespread vascular alteration. It was 
caused chiefly by an extreme degree of fibroblastic proliferation of the 
adventitial membrane and a pronounced hyperplasia of the lining en- 
dothelium. In addition there was a pericapillary accumulation of 
glial nuclei, resulting from the marked glial hyperplasia and hj’per- 
trophy of the surrounding nervous tissue. Only occasionally were tliere 
seen a small number of macrophages and a few lymphocytes. 

The degenerative alterations consisted of homogenization and thick- 
ening of the vessel walls with resultant narrowing or complete oblitera- 
tion of the vascular lumina. In many instances the entire capillary 
was converted into a structureless, homogeneously stained, hyalinized, 
solid nodule composed of a central homogeneous mass surrounded by 
a ring of proliferated fibroblasts and glial cells (Fig. 3). The central 
portion obviously represented the remnants of the completely degen- 
erated and hyalinized capillary, the lumen of which was obliterated. 



CEREBRAL CAPILLARIES IN ARTERIAL HYPERTENSION 


213 


The arterioles exhibited only a moderate degree of thickening and 
hyalinization of their walls. Changes characteristic of advanced hyper- 
tensive aneriolopathy were seen only occasionally. 

More conspicuous were the changes of the cerebral veins. In addition 
to the massive hemorrhage involving the right basal ganglia, there 
were a few so-called ball hemorrhages in the form of small, sharply 
demarcated hemorrhagic foci measuring from 5 to 50 mm. in diameter. 
They were seen in areas quite remote from the massive hemorrhage, 
and consisted of one or several central veins surrounded by large 
masses of extravasated blood. The central blood vessels were mostly 
medium-sized, extremely congested veins; their lumina were distended, 
and far advanced degenerative changes had occurred in their walls. 

The degree of degeneration of some of the veins is illustrated in Fig- 
ure 4. As here shown, the vascular wall had undergone almost complete 
disintegration and necrosis. The normal appearance of the division 
into three coats was completely lost. The entire vessel wall was trans- 
formed into a structureless, homogeneous substance devoid of either 
muscular or elastic elements. Its outer margin was bounded by a thin 
connective tissue membrane with a small number of nuclei which were 
barely visible. In some instances, the perivascular space of the vein 
was distended and harbored red blood cells and macrophages. 

Changes of the nervous tissue included both diffuse alterations of 
the parenchyma and vascular alterations characteristic of cerebral 
swelling.® Figure 5 illustrates the characteristic spongy appearance of 
the central white matter caused by the tremendous distention of the 
pericellular and perivascular spaces and by numerous large, oval spaces 
filled with serous fluid. The latter contained neither cellular elements 
nor stainable substance. Numerous nerve fibers and myelin sheaths 
displayed various stages of degeneration, such as irregularity of con- 
tour, beading, or complete loss of stainability. 

The general vascular alterations consisted of congestion, stasis, and 
morphologic signs of vasoparalysis of the smaller veins and capillaries. 
In many smaller blood vessels there were various degrees of degenera- 
tion of the walls, associated with increased permeability for serous fluid 
which had transuded into the distended perivascular spaces. These 
changes were most pronounced within the swollen portions of the white 
matter. 

CASE 2 

A white female, 41 years of age, was admitted to the hospital v.dth a history 
of h\-pertensioii of approximately 2 years’ duration. She was first admitted in 
November, 1945, because of attacks of asthma associated with purulent bronchitis 
and fever. On routine e.xamination hj-pertcnsion of 205/140 mm. Hg was found. 
There had been no symptoms related to high blood pressure except occasional 
headaches. 
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Physical cxaviimlion disclosed the followinj; pertinent fmdini^s; Tnc optic disVj 
were mildly congested, hut there wns no definite papilledema. The retinal arterioles 
showed allcnuntion and areas of localized spasm, v/iih compre.ssion at venous cross- 
ings; there v/ere multiple cotton-wool patches of exudate and perivascular flame- 
shaped hemorrhages in both cye.s. The neurologic examination disclosed normal 
findings. 

Laboratory Findians. Concentration tests of urine showed a %‘ariation from 
X.006 to 1.016 in specific gravity. Repeated urinaly.'^cs for sugar and albumin were 
negative; only on one occasion wns i plus albumin found. The sediment contained 
only a few white blood cells and wns othenvisc negative. The blood urc,i nitrogen 
was 24, 23, and sy mg. per 100 cc. Other siudic.s, including phcnolsulfonphthnlcin 
lest and pyelography, were normal. Electrocardiographic examination of the heart 
yielded normal findings. 

Second Hospital Admission. On February 18, 194C), the patient was admitted 
for the second time. For the past 3 months she had been kept on a low sodium 
diet. Her chief complaints were orthopnea, dyspnea, and swelling of the ankles. 
Physical examination revealed signs of right-sided cardiac failure with hepatic 
congestion. The neck veins were distended; the venous pressure was 24 cm. of 
water. The hcpato-jugular reflex was positive. 

Clinical Course. During the second hospital week the patient began to complain 
of visual disturbances. Examination of llic fundi disclosed papilledema, more pro- 
nounced in the right eye than in the left. The retinal veins were distended; no 
fresh hemorrhages were seen. 

The patient frequently complained of nocturnal respiratorx' distress. During her 
hospital slay she had several attacks of asthma. The blood pressure varied between 
194/130 and 210/140. 

On March 21, 1946, a left Smithwick procedure was performed. Tiic patient 
tolerated the operation quite well, and the postoperative course was uneventful. 
Her blood pressure remained essentially at the same level, varj-ing between 210/130 
and 1 90/1 40. Following the operation she complained of complete loss of vision 
in the right eye. Ophthalmoscopic examination disclosed extensive edema of the 
retina and of the optic disk on the right. On April i, 1946, a right Smithwick 
procedure was performed. At the end of the operation, as the skin was being 
closed, the patient ceased to breathe and could not be revived. 

Necropsy Findings 

The pathologic changes, exclusive of those found in the brain, were 
summarized as acute catarrhal bronchitis with focal areas of pulmonary 
atelectasis; focal lobular pneumonia of the right lower lobe; right 
pneumothorax; accelerated arteriolonephrosclerosis; coronary, pul- 
monic, and aortic atherosclerosis; acute passive h3T>eremia of the vis- 
cera; mural thrombosis of the right atrial appendage; small focal areas 
of degeneration in the myocardium. 

Examination of the nervous system was limited to the brain. On 
gross examination it appeared normal. The major blood vessels were 
thin-walled and of somewhat translucent appearance; small sclerotic 
plaques were seen only occasionally. Coronal sections through both 
hemispheres showed, except for a mild degree of congestion, normal 
findings. Sections through the midbrain revealed diffuse swelling of 
the tegmen of the pons, with almost complete obliteration of the lower 
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aqueduct and of the lumen of the fourth ventricle. In addition, there 
were a few small hemorrhages in the periaqueductal region. 

Microscopic Findings 

The most striking histologic findings were confined to the capillaries. 
These exhibited uniform pathologic lesions similar to those described 
in case i. Figure 6 illustrates the increased cellularity of the capillary 
wall, caused chiefly by fibroblastic proliferation of the adventitial 
membrane and by hyperplasia and hypertrophy of the lining endo- 
thelium. The surrounding nervous tissue reacted, as a rule, with a 
focal area of pericapillary glial proliferation. In some instances, how- 
ever, degenerative alterations of the capillaries were prevalent. These 
consisted of homogenization and thickening of the vessel wall, with 
resultant narrowing or complete obliteration of the vascular lumen 
(Fig. 7). 

The arterioles were relatively slightly affected. Only occasionally 
were there changes characteristic of advanced hypertensive arterio- 
lopathy (Fig. 8). 

Changes of the nervous tissue consisted of areas of rarefaction with 
early signs of necrosis. The nerve fibers and nerve cells showed loss 
of stainability and signs of ischemic degeneration. In' addition there 
were a few perivascular hemorrhages in the periaqueductal region and 
in areas adjacent to the fourth ventricle. 

Summary of Pathologic Findings 

In previous contributions attention was drawn to vascular altera- 
tions in hypertensive encephalopathy. These histologic changes, which 
were regarded as t5q)ical, consisted of hyaline degeneration and fibrotic 
thickening of the vessel walls with narrowing or complete obliteration 
of the vascular lumina. These vascular changes, confined to arterioles 
and capillaries, are different from those found in arteriosclerosis and 
are to be interpreted as a special form of hypertensive arteriolopathy. 
The alterations of the nervous parenchyma characterized by diffusely 
scattered small foci of old and recent softening were interpreted as 
secondary to the vascular lesions. 

In addition to the arteriolar changes, two types of venous alterations 
.were described recently®’^: (a) reversible changes characterized by 
stasis, congestion, and distention of the vascular lumina; and (b) 
structural lesions of the vessel walls manifested by advanced signs of 
degeneration, necrosis, and/or an extreme degree of atrophy. Whereas 
the arteriolar changes were interpreted as significant for the diffuse 
focal areas of softening and gliosis of the nervous parenchyma typical 
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of hj-pcrlonsivc encephalopathy, the alterations of the cerebral veins 
were regarded as responsible for the origin and pathogenesis of the 
massive intracerebral hemorrhages so often encountered during the 
terminal phase of hypertensive brain disease. 

In all cases in the present study the predominant pathologic altera- 
tions were confined to the capillaries. The vascular lesions were char- 
acterized by a combination of proliferative and degenerative changes 
of the capillary walls. The proliferative alterations were the result of 
fibroblastic proliferation of the adventitial membrane associated with 
pronounced hyperplasia and hypertrophy of the lining endothelium. 
The degenerative changes consisted of homogenization and Oiickcning 
of the capillary wall with resultant narrowing or complete obliteration 
of the vascular lumen. In many instances the entire capillary was con- 
verted into a structureless, homogeneously stained, liyalinizcd solid 
nodule composed of a central homogeneous mass surrounded by a ring 
of proliferating glial cells and fibroblasts. The central portion obviously 
represented the remnants of the completely degenerated and liyalinizcd 
capillary, the lumen of which was obliterated. 

In all cases under observation, death occurred from i to 2 years 
after onset of the clinical manifestations of the disease. It is concluded, 
therefore, that the afore-described capillary changes may be considered 
as the earl}'- stage of hypertensive brain disease. 

Of special interest was the attempt to correlate the findings in the 
central nervous system with those in the kidneys. No direct parallelism 
could be established. Whereas in some cases the kidneys disclosed 
changes characteristic of accelerated nephrosclerosis, in others they 
displayed minimal changes or a moderate degree of an arteriosclerotic 
vascular process. 

It is noteworthy tliat case i of tlie present study exemplifies a char- 
acteristic clinicopathologic syndrome of arterial hypertension recently 
described under the heading of “hypertensive cerebral swelling.” ° The 
clinical picture is characterized by sudden onset and rapid progression 
of severe headache, drowsiness, confusion, restlessness, and delirium, 
accompanied by signs of increased intracranial pressure, such as eleva- 
tion of spinal fluid pressure and papilledema. The underlying histo- 
pathologic findings consist in various stages of cerebral swelling. 

Case I of this study revealed, in addition to cerebral swelling, a 
massive intracerebral hemorrhage and vascular alterations (venous and 
arteriolar changes) characteristic of hypertensive brain disease. 

Summary 

Attention is directed to an early stage of cerebral vascular change 
in cases of arterial hypertension, in which the vascular alterations are 
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confined to the capillaries, and are characterized by a combination of 
proliferative and degenerative changes. 

In all cases of the present study, death occurred from i to 2 years 
after onset of the clinical manifestations of the disease. 

No .direct parallelism between the cerebral vascular changes and 
those of the kidneys could be established. 
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Plate 4S 

Figs, i and 2. Case i. Extreme cellulnrily and degenerative alterations of the 
cerebral capillaries. Hcmatox>'lin and cosin stain. X 220. 

Fic. 3. Case i. Structureless, hyalinizcd nodule composed of a central homogene- 
ous mass surrounded by a ring of proliferated glial cells and fibroblasts. 
Hemato.xylin and eosin stain. X 220. 

Fig. 4. Case i. Disintegration and necrosis of a cerebral vein. Of note is the 
transformation of the vascular wall into a homogeneous substance devoid of 
either muscular or elastic elements. Hematoxylin and cosin stain. X 185. 
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Pl.AlK 4t) 

ViG. s- Case z. Spongy iipiK-nrnni'e of the svJnZf vutltvr ani'cd by nvmcrou.> hrgc 
oval spaces filled with serous fluid and by distention of the jK-rivascular and 
pericellular spaces. Hematoxylin and eosin slain. X iS>. 

Fig. 6. Case a. Increased ccllulariiy of the cerebral capillaries caused by fibro- 
blastic proliferation of the adventitial membrane and by hyitcrjilasia and 
hyiicrtrophy of the lining endothelium. Hematoxylin and eosin stain. X z:o. 

Fig. 7. Case 2 . Homogeniration and thickening of the capillaty* wall with resultant 
narrowing of the vascular lumen. Crc.syl violet stain. • z:o. 

Fig. 8. Case 2 . Arteriolar clutnges characteristic of hjpertensive arteriolopathy. 
Of note is the extreme narrowing of the arteriolar lumen. Crcsvl violet stain. 
X 2ao. 
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COCCIDIOroOMYCOSIS IN ANIMALS WITH REPORT OF A 
NEW CASE IN A DOG * 

Hilton Smith^ D.V.M. 

{From the Department of Veterinary Pathology, Division of Veterinary Medicine, 

Iowa State College, Ames, Iowa) 

The disease now known as coccidioidomycosis, or coccidioidal granu- 
loma, was first encountered by Posada in a human patient in Argen- 
tina in 1892 ; the same case was reported also by Wernicke.^ However, 
it has remained for the southwestern United States to supply the great 
majority of the several hundreds of cases in the world’s literature. Most 
of these have come from southern California, particularly the San Joa- 
quin Valley, but the disease has been reported (in human beings) also 
from the states of Washington, Arizona, New Mexico, Texas, Louis- 
iana, Colorado, Kansas, Nebraska, Missouri, Illinois, Tennessee, South 
Carolina, and Pennsylvania, as well as from Alaska, Hawaii, and 
Italy.'’’® Very recently the disease has been reported from Army hos- 
pitals in a number of other states, but, owing to the constant movement 
of Army personnel, such cases were not necessarily indigenous to the 
areas from which they were reported.’' 

There is reason to believe that spores inhaled with dust in the desert 
countries of the Southwest are responsible for the more or less endemic 
status of the disease in these regions. It has been supposed that the 
causative fungus is capable of propagating on some native plant. On 
the other hand, Ashburn and Emmons ® trapped 105 rodents in the 
desert near San Carlos, Arizona, and found gross pulmonary lesions of 
coccidioidal granuloma in 9 of them ( 7 pocket mice, i kangaroo rat, 

I ground squirrel), suggesting that these creatures may act as “res- 
ervoirs of infection.” Direct spread from diseased to healthy subjects 
does not occur, it is believed, either among man or animals. 

Two forms of this infection are now recognized in man, one of them 
being a benign acute respiratory disorder sometimes known as valley 
fever. The other form is the classical coccidioidal granuloma, a chronic 
progressive affection characterized by widely disseminated foci of a 
specific granulation tissue around the causative organisms and having 
clinically and pathologically a close similarity to tuberculosis. It is only 
this granulomatous type that has been recognized in other animals than 

man. 

The causative organism appears in the tissues of its host as a refrac- 
tile, doubly contoured spherule, from s to 50 p. in diameter; the name 
Coccidioides immitis bespeaks its striking resemblance to a coccidal 

♦Received for publication, March 24, 1947. 
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oocyst. In the process of multiplication the enlarged parent spherule, 
looked upon by syslemalisls as an nscus, becomes filled with small 
endospores (nscosporcs) wliicli, at maturity, are released into the sur- 
rounding tissue. Wlien transplanted to the surface of common bnclcri- 
ologic media the organism readily develops an e.xtensivc mycelium, 
producing a white, fluffy colony. According to Dodge/*' there is no 
differentiation to form conidia. 

Among animals, coccidioidal granuloma has been found principally 
in cattle. Giltner ” reported the first case in 191S. In involved the 
bronchial and mediastinal lymph nodes of a bovine slaughtered at San 
Diego, California. He reproduced the disease in guinea-pigs and dogs, 
the inoculation of infectious material resulting in death within 2 
months. About 70 additional cases in cattle have been brought to light 
in several reports by Stiles and co-workers between 1933 and 1942. 
Beck, Traum, and Harrington and Traum and Schalm have re- 
ported approximately 20 cases. Their diagnoses were based upon dem- 
onstration of typical organisms in .sections or cultures, or in bolli. 

Findings in cattle may be summarised as follows: All cases have 
been from California, Arizona, or New Mexico with the exception of 
one from northern Colorado.^* There were no observable clinical symp- 
toms, the condition having been discovered in every instance in the 
course of routine veterinary inspection of carcasses slaughtered for 
food. Involvement was never very extensive, lesions being limited to 
bronchial and mediastinal lymph nodes, and, in a minority of instances, 
to small nodules in the lungs. The various descriptions of tlie lesions 
can be well represented by the words which Giltner “ applied to his 
case: “Large areas of suppuration or several smaller purulent foci, all 
of which are usually surrounded by considerable granulation tissue and 
a fibrous capsule. Upon incising an affected gland tliere may be 
squeezed out a thick yellowish and tenacious pus.” Several authors 
have noted the similarity of an incised lesion to that found in actin- 
omycosis. 

Davis, Stiles, and McGregor^'^ described the histopathologic features 
as “granulomatous foci consisting of connective tissue, numerous blood- 
vessels, lymphocytes, plasma cells, mononuclear and polymorphonuclear 
leukocytes, a few eosinophiles, and many giant cells. The foci were 
surrounded by a connective-tissue capsule. Scattered throughout the 
inflammatory areas were many double-contoured spherical bodies, the 
majority of which had been taken up by giant cells. Scattered purulent 
areas containing spherical forms were seen within the granulation 
areas .... In some fields the inflammatory reaction resembled tu- 
bercle formations and only the presence of spherical bodies within the 
giant cells enabled a differentiation from a tuberculous process.” 
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A Striking feature of several of the bovine cases has been the presence 
of a “halo” of eosinophilic radiating “clubs” surrounding some of the 
Coccidioides- spherules, entirely comparable to the “rosettes” of actin- 
omycosis (as caused by Actinomyces bovis, also known as Strepto- 
thrix Israeli) and actinobacillosis (caused by Actinobacillus lignibresi). 
This phenomenon has been described and illustrated by Davis, Stiles, 
and McGregor and by Traum and Schalm.^® Somewhat less pro- 
nounced manifestations of the same process have been seen in human 
tissues, as well as in experimentally inoculated guinea-pigs, with de- 
tailed studies by Moore.^^ But the occurrence of this poorly under- 
stood reaction around Coccidioides immitis is far from usual in any 
species of host, and it appears especially well developed in the spec- 
imens from bovines. 

Cattle have been inoculated artificially. When large doses of the 
organism are injected subcutaneously the usual, result is a well en- 
capsulated abscess at the point of inoculation and rather limited in- 
volvement of the lymph nodes draining that region. 

One case has been reported in a sheep from California by Beck."'’ 
The disease has been found in a mountain gorilla {Gorilla beringeri) 
and in an American monkey {Cebus hypoleucus) , both in a zoo in San 
Diego, California, as reported by McKenney, Traum, and Bonestell.^’ 

Coccidioidal granuloma has been found twice in the dog. The first 
case was reported by Farness in 1940 and 1941 from Tucson, 
Arizona. The dog, a female Great Dane, 2 years old, was destroyed 
because of a gradually developing inability to use her hind legs, which 
was supposed to have been the result of severe rickets in early life. At 
necropsy, the lungs and, to a lesser extent, the liver, spleen, and kid- 
neys, were found to contain numerous nodules resembling tubercles. 
Some of the nodules were described as necrotic. Microscopic sections 
made possible the diagnosis of coccidioidal granuloma, with demonstra- 
tion of t5/pical spherules. Since the brain and cord had not been ex- 
amined, Farness pointed out the possibility that the inability to use 
the hind limbs might have been caused by a paralysis due to coccidioi- 
dal infection of the cord or its meninges, a type of involvement that is 
not rare among human cases. 

The second instance of this disease in a dog was reported by Plum- 
mer and by Radmore^^ in 1941. The animal was a male English 
Setter, 2 years old, domiciled at Hull South, Province of Quebec, Can- 
ada. The animal had never been away from that vicinity but had been 
mated with a female from California. Symptoms on first examination, 
as recorded by Plummer, included anorexia, emaciation, loss of activity, 
and reluctance to obey his master’s call. Respiration and pulse were 
rapid; temperature was 103.2° F. (about 1° above the normal limit). 
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There was an occasional soft cough. Function of the bowels was normal 
and the feces were negative for parasitic ova. Urine was negative for 
albumin, sugar, casts, and celi.s. The red blood cell count, hemoglobin, 
and clotting time were within normal limits but there was a marked 
Icukocj^tosis of 21,000 per ernm. The tuberculin test was negative. 
Within a week after the first e.xamination the dog was much worse, 
showing symptoms of disturbance of the central nervous i^ystem. His 
eyelids drooped. He circled to the right, bumped into objects, refused 
food, and had spells of vomiting and polydipsia. He would roam aim- 
lessly, usually at a walking pace, and, while so engaged, was struck 
and killed by an automobile i month subsequent to the first examina- 
tion. 

Significant lesions were found in the lungs and brain. The former 
were described (by Plummdr-^) as mottled, firm, and somewhat fri- 
able. Resemblance to tuberculosis was noted both gros.sly and micro- 
scopically, althougli acid-fast organisms were absent. Partaking in tlie 
inflammatory reaction were endothelial cells, lymphocytes, plasma cells, 
a few polymorphonuclear leukocytes, and numerous giant cells. Coc- 
cidioidal spherules were present in great numbers, sometimes free but 
usually witliin giant or endothelial cells. 

The dog’s brain showed an olive-shaped nodule, 2 by 1.4 cm., light 
in color and firm in texture, which was thought to be a glioma. (For 
this reason no bacteriologic studies were made.) Microscopically, the 
nodule consisted of epithelioid cells, with fibrous tissue in the deeper 
parts as well as round cells and a few pol3'morphonuclear cells. Coc- 
cidioidal spherules were present, although less numerous than in the 
lungs. They were diagnosed by several consultants as Coccidioides on 
the basis of structure and the absence of budding, for which a careful 
search was made. The third case of coccidioidal granuloma in a dog is 
reported in this paper. 

Report of Case 

The subject was a female Fox Terrier, 7 years old in the spring of 1946- History 
supplied by the owner was to the effect that the dog was a native of central Iowa 
but had been living with her owner at an airfield at Eagle Pass, Texas, from the 
autumn of 1943 to the spring of 1945. During her stay there she was twice under 
the care of a veterinarian for an ailment which was diagnosed as a throat in- 
fection, and which caused dysphagia and loss of appetite. The animal’s general 
health began to decline about 3 months after her return to Iowa, which was 8 
months before her death in March, 1946. 

The signs and symptoms upon hospitalization were doubtless attributable prin- 
cipally to nephritis but will be summarized briefly as follows; Stiffness and trembling 
with evidence of abdominal pain; inappetence, vomiting, polydipsia, frequent urina- 
tion; pulse and respiration, accelerated; temperature, normal; red blood cells, 
4,000,000 per cmm.; white blood cells, 24,000, of which 86 per cent were seg- 
mented polymorphonuclear leukocytes; hemoglobin, 9.64 gm. per 100 cc. (normal, 
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'l-.'t:’ . Tirf pr«-d -ri.r'.b'int cdl re’.icnK)-t nuothelinl in type, large, 
0. ‘r.rny f-.tinr v. cil rounde-!. arni witli a wry gcrserau.-i amount of aci- 
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nft!tioj>hib .and lymplua'vtt < abo were important elements in the re- 
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tiny pnrult'ijt fi>ci, 'J'here were no giant cells and no necrosis or calci- 
bcation. Stroma, or cofincctive tissue elements, were minimal and 
incotwpictfotis, although sntall, well filled blood vessels were rather 
numerous. Sharp boundaries; separated tlic granulation tissue from the 
normal structures which it was invading, but encapsulation, ns a rule, 
did not occur. In the lung tlicrc were .some areas where the new tissue 
V.T1S almost entirely fibrou.s, but even here it did not encircle the re- 
liculo-cndothelial areas. 

Occasionally there was seen a spherule in one stage or another of the 
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developmental cycle of Coccidioidcs immith. These v,‘ere not numerous; 
most sections contained several spherules., but, of 129 sections examined 
carefully, 24 showed none. The forms most frequently encountered 
were simple spheres with a thick, refractilc, doubly contoured wall and 
indistinct, amorphous contents. These were approximately 26 to 2S ft 
in diameter. Jklorc rarely a spherule was found in vdiich endospores 
(ascospores) were formed or in the process of formation. These had 
thinner outer walls and varied from 35 to ji in diameter. The first 
endospores to develop always formed a circle just inside the outer wall; 
in an equatorial plane about a dozen endospores made up this circle. 
At a more advanced stage additional endospores filled the center, so 
Uiat some maternal spherules (asci) were seen completely filled with 
endospores. At what was doubtless a later stage, the outer cell wall 
had disappeared and the endospores were beginning to scatter. This 
scattering was observed to take place at two or three places around the 
circumference, suggesting that the outer wall had simply dissolved, 
alUiough the usual conception seems to be that it bursts. Representative 
of a somewhat later period were irregular clumps of small, thin-walled 
spherules, each measuring about 6 ft in diameter, recently launched 
on their new existence as separate individuals. How many were success- 
ful in colonizing distant areas of tlie host’s tissues is uncertain, but 
the fact that the larger forms are usually single leads to the surmise 
that the process of dissemination takes them some distance from their 
“birthplace,” and, perhaps, that they suffer considerable mortality in 
this phase of their existence. 


Comment 

It seems possible only to speculate on the route by which the infecting 
organisms gained entrance to the host’s tissues. The respiratory tract 
is commonly incriminated in this respect and it may be that the pul- 
monary infection, in spite of its limited extent, was the primary site, 
with hematogenous spread to the liver and spleen. Opposed to this view 
is the much more extensive involvement of the liver. The graulomatous 
areas in that organ were not only more numerous but larger. To inter- 
pret the tendency of the hepatic lesions to be centered around large 
vessels and ducts as indicative of an ascending biliary infection is hard- 
ly compatible with the known propensities of this organism. But it 
points as much toward entry through the portal circulation as through 
the hepatic and general arterial system. On the other hand, at least 
some degree of access to the general arterial circulation is necessary 
to explain the single metastasis found in the spleen. 

In view of the usually restricted geographic distribution of coc- 
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cidioidal granuloma, it is easy to believe that this dog acquired the 
infection during its stay in Texas. If such is the case the disease re- 
quired a period of between i and lYz years to attain the condition seen 
at necropsy. It should be noted, however, that the infection has been 
reported from the states which border Iowa on the west, south, and 
east. Sooner or later the first case could be expected to arise in Iowa; 
perhaps this is it. 

Still more difficult to reconcile with the usual geographic distribution 
is the case of Plummer and Radmore.“® Either their dog picked up 
the infection in the Province of Quebec or else it acquired the disease 
by contact with the California dog (supposedly healthy) with which 
it was mated. 

Summary 

Nearly 100 cases of coccidioidal granuloma in cattle have been re- 
corded, one in a sheep, two in captive wild animals, and two in dogs. 
A third case in a dog is described. This animal lived in Iowa, but there 
was a possibility that infection was acquired in Texas. 
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DESCRIPTION OF PLATES 


Plate 50 

Fig. I. External surface of dog’s liver, from the new case reported. 

Fig. 2. Cut surface from the same liver. The ivhite areas arc granulomatous. 

Fig. 3. The Coccidioides spherule in the simple, nonsporulaling stage. X 620. 

Fig. 4. Endospores are developing just inside the outer wall. X 620. 

Fig. S- Endospores have formed only subperipherally, but dissolution and dis- 
semination appear to be taking place. X 620, 

Fig. 6. Endosporulation is nearly complete. Polymorphonuclear leukocytes and 
reticulo-endothelial granulation tissue are seen. X 620. 
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Fif:. 7. Fiuiosporul.'ition is complt U-. > 450. 

Fig. S. The outer \v;ill h.is tlissnlved. rel(’asii\i; the endospores. ■ (>:c, 

Fig. p. Fndospore;^ are Iieiriniiini: to .‘■caller. >. fi;o. 

Fig. 10. Rosette-like "cliih.'" .<iiirrourulini; CoccidioUin. innniti.y Thc•^e clubs stain 
bripht red with liemalo.vidin and eosin. JToni a Iiovine ra.'-e. (Tissue throuiih 
the courte.sy of Dr. C. L. Da\d?. I’atholo"ical Lahoratoiy. 1 “.?. Bureau of 
.Animal Industry. Denver. Colorado.) X 6ro. 

Fig. II. .Another rosette-like formation of “clubs," onlj- partially emirclini; the 
Coccidioidcs orpanism. ( Bovine case from Dr. C. L. Davis, i >' b.’o. 
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THE PATHOLOGY OF SECONDARY SHOCK* 

Virgil H. Mooif, M.D. 

{From the Army bistitute of Pathology, Washington, D.C., and the Department of 
Pathology, Jefferson Medical College, Philadelphia, Pa.) 

The term secondary shock is used here to imply a distinction from 
the uncomplicated effects of hemorrhage — hemorrhagic shock — and 
from primary shock. Hemorrhage is an obvious cause for low blood 
pressure and circulatory deficiency after injuries. Although the clinical 
signs are similar, the accompanying physiologic changes and the post- 
mortem findings after death from uncomplicated hemorrhage differ in 
several ways from those of secondary shock.^ 

Primary or “neurogenic shock” (Blalock is a neurovascular reac- 
tion like syncope or fainting. It may be excited by pain, emotional 
reactions, or perhaps by nerve impulses arising in damaged tissues 
(Phemister ®). Primary shock develops promptly and usually is tran- 
sient unless accompanied by extensive injury or hemorrhage; then it 
may merge into secondary shock with hemorrhage as a contributory 
factor. Combinations of neurogenic, hemorrhagic, and secondary shock 
in the same patient have caused confusion.^ When the term shock is 
used without qualification in the succeeding pages, it will be understood 
to mean secondary shock, sometimes called collapse or peripheral cir- 
culatory failure. 

Dynamics of Shock; Resume 

Shock from wounds was a major problem during World War I. An 
investigation by eminent physiologists, pharmacologists, internists, and 
surgeons compared observations on wounded men with data from 
experimental studies. The results were summarized ® as follows. 

“The theory of secondary shock which has the strongest support, both in clinical 
observations and in laboratory experiments, is that of a toxic factor, arising from 
damaged and dying tissue and operating to cause an increased permeability of the 
capillary walls and a consequent reduction of blood volume by escape of plasma 
into the lymph spaces. Thus the concentration of the corpuscles is also readily 
explained. It is recognized that,after a sufficient time infection may occur and be 

♦Received for publication. May 15, 1947 . 
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of ?udi dinractcT in itself ns to inniicc a persistent low iilooi! pressure. According 
to Uii.s fheor>’ there ntighf he no cssenti.ii difference betv/cen the effects of toxins 
given off by damagee! tissue and of toxins resuUinsr from activity of brjcteria." 

Later investigations by many worken; indicated the importance of 
hemorrhage and loss of blood and fluid in traumatized regions. No 
evidence of toxic substnnce.s in the blood was found bv the methods 


then in nsc. Many believed that all of the phenomena of shock could 
be exjilained by local loss of blood and fiuick 
The first published report on the pathology of shock indicated that 
hyperemia and edema of viscera, petechial hemorrhages, serous effu- 
sions, and acute degeneration of parenchymatous tissues are pathologic 
changes characteristic of this condition. These changes in visceral 
areas, remote from the region of trauma, indicated the effects of factors 
otlier than loss of blood and fluid. Our subsequent investigations indi- 
cated tliat the symdroine of shock occurs also after burns, poisoning, 
severe infections, and intestinal obstruction. The same pattern of 
visceral changes was seen in men and animals after death from tliese 


conditions. 


The dynamics of shock was interpreted in accordance with the 
principles of capillarj’- physiology (Krogh,” Landis,'^ Lewis ^), Various 
agents and conditions injurious to endothelium produce atony and 
dilatation of capillaries and venules. This increases tlie volume capacity 
of the vascular bed. Endothelium, when affected by such agents, in- 
cluding anoxia, becomes abnormally pervious to colloids. This allows 
plasma to escape into the tissue spaces, causing edema and a tendency 
to hemoconcentration. The loss of plasma lowers the total blood vol- 
ume, and the stagnation of blood in dilated vessels lowers the c feet he 
blood volume. This leads to a disparity between the volume of blood 
and volume capacity of the vascular bed, and diminishes the return 
flow of venous blood to the heart. These effects produce a circulatoiy 
deficiency characterized by decreased blood volume and volume-flow 
of blood, reducing the amount of oxygen delivered to the tissues. Tis- 
sue anoxia per se causes capillary permeability ® and thus introduces a 
self-perpetuating factor which causes tlie circulatory deficiency to 
increase progressive!}’’. This vicious circle, unless interrupted, leads 
to an irreversible stage and to death. It appears that capillar}’’ per- 
meability and anoxia have reciprocal effects; either of them presently 
brings the other into action. Abnormal permeability of endothelium 
deranges fluid balance. A tendency to visceral edema, hemoconcentra- 
tion, and to stasis results. 

Subsequent investigations indicated tlie presence of some substance, 
absorbed from areas of tissue injury, which produces vasodepressor 



PATHOLOGY OF SECONDARY SHOCK 


237 


effects. Best and Solandt/^ by an exchange transfusion of blood be- 
tween traumatized and normal dogs, produced circulatory deficiency 
in the untraumatized animals. Kendrick, Essex, and Helmholz re- 
ported similar results from transfusion by a different technic. Freeman, 
Cullen, and Schecter produced shock by trauma to limbs which had 
been taped to prevent excessive loss of blood and fluid locally. They 
found evidence of a toxic factor absorbed from the traumatized region. 
Similar results were obtained by others when shock was induced by 
tourniquet and by freezing. 

Blalock produced massive pressure on the muscles of the limbs, 
simulating the “crush syndrome.” Lymph from the thoracic duct, in- 
jected into other dogs, caused hemoconcentration and a decline in 
blood pressure. He believed toxic substances, arising in the injured 
extremity, had entered the lymph vessels. Experimental crush injury 
caused hemoconcentration and a fall in blood pressure, accompanied, 
in some instances, by hematuria and retention of nitrogenous wastes 
in the blood. Katzenstein, Mylon, and Winternitz found that l3mph 
from the thoracic duct during tourniquet shock caused a protracted fall 
in blood pressure, often ending fatally, when injected intravenously 
into other dogs, 

Aub and associates showed that bacterial contamination of injured 
muscles produced toxic substances in the lymph collected from those 
muscles. . Prinzmetal, Freed, and Kruger induced shock by excising 
and grinding muscle tissue aseptically, then implanting this pulp into 
the bed from which the muscle was excised. This caused death usually 
within 24 hours. They believed that shock-producing substances, re- 
sulting largely from bacterial contamination, were absorbed from the 
crushed muscle. It is recalled that all open traumatic wounds are 
grossly contaminated, and that bacterial growth proceeds rapidly in 
crushed devitalized tissues. 

Summarizing the problems of shock, Blalock found general agree- 
ment that traumatic shock is due to regional loss of blood, toxemia, or 
nerve impulses, separately or in combination. He stated that the search 
for and identification of the toxic factor or factors is the problem of 
first importance. Among other problems in the pathogenesis of shock, 
he listed that of determining the role of infection superimposed upon 
injury. 

Shorr, Zweifach, and Furchgott^^ made tests for vasodepressor and 
vaso-excitor substances in blood and fluids from injured and from anox- 
ic tissues. Their results led to the conclusion that the development of 
shock is due to vascular atony resulting from a preponderance of vaso- 
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depressor effects, and that anoxia is a factor causing' tljc circulatory 
deficiency to progress in a ‘‘niorbid cycle’’ to an irreversible stage. 
Hcilbrunn and co-workers*'’ demonstrated that water extracts of 
muscle and of tissues from hcat-killcd animals contained some dialyz- 
ablc toxic substances wliich caused death wiicn Injected into other 
animals. Before deatli these animals showed s^miptoms like those of 
heat-treated (scalded or burned) animals. 

Recent contributions, as noted above, support the e.xplanation of 
trauviatic toxemia, but with important modifications and additions: 

(1) It has been demonstrated that, in traumatic or surgical shock, 
local loss of blood and fluid plays a role not recognized formerly. The 
importance of this factor is in direct proportion to the volume of blood 
and/or fluid lost. In some instances this is so great as to make it the 
dominant factor. In other cases it may be minor, 

(2) Anoxia is highly important in the vicious circle by which shock 
tends to progress to an irreversible stage. The anoxia may be anoxic 
as in asph>oiia, or anemic as when the red corpuscles have been reduced 
below physiologic limits bj’' hemorrhage or othenvise, or stagnant as 
by circulatory stasis, or toxic as from the effects of poisons upon the 
tissue cells (Blalock”). In an}' instance, anoxia tends to cause atony 
and permeability of capillary walls resulting in progressive circulatory 
deficiency and death. Anoxia is the factor which ultimately “stops the 
machine and wrecks the machinery.” 

(3) Comprehension of the meclianism of shock has led to the recog- 
nition of the same syndrome in conditions other than trauma, extensive 
surgery, and burns. Atchley cited instances in patients wdth severe 
infection, diabetic acidosis, Addison’s disease, bile peritonitis, vaccine 
reactions, heat prostration, and snake bites. These conditions led to 
stasis of blood in the capillaries, generalized anoxemia, capillary dilata- 
tion, and leakage of plasma into the tissues, operating in a vidous 
circle. Harkins stated that shock may occur in association with a 
wide variety of conditions: hemorrhage; mechanical or operative 
trauma; burning; freezing; heat stroke; radiation burns; sunburn; 
asph3rxia; vascular occlusion; intestinal strangulation; application of 
tourniquet; bile peritonitis; perforated gastric ulcer; pancreatitis; vari- 
ous poisons such as HgCh, arsenic, gold chloride, snake venoms; spe- 
cial capillary poisons such as products of tissue autolysis, histamine, 
peptone; medical conditions such as an anaphylaxis, diabetic coma, 
eclampsia; severe infections such as cholera, streptococcal and influ- 
enzal pneumonia, gas gangrene, diphtheria, peritonitis; and various 
anesthetic agents. 
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A condensed summary on the mechanism and associated features 
was issued by the Subcommittee on Shock of the National Research 
Council. It set forth that the outstanding physiologic feature is periph- 
eral circulatory failure caused by a discrepancy between the capacity 
of the vascular system and the volume of fluid which it contains. Shock 
was defined as the clinical condition characterized by progressive 
reduction in circulating blood volume due to increased capillary per- 
meability. Any agency which affects the permeability of the vessels 
allowing the escape of plasma proteins, may lead to shock. This is 
accompanied by a progressive reduction of circulating blood volume 
due to the escape of plasma. Anoxia is a factor of prime importance 
causing capillary permeability and impaired circulation. This summary 
closed with a brief statement on associated tissue changes; 

“The pathologic picture which is found when the tissues are examined after 
death from shock is that to be expected from peripheral circulatory failure. There 
is widespread congestion and engorgement of the capillaries and venules through- 
out the body .... This congestion is found throughout the viscera and in the 
lungs. There is edema in the tissue spaces and effusion in the serous cavities .... 
The impairment of circulation affects other organs as well. Necrosis of hver cells, 
liquefaction of the suprarenal medulla, and congestion of the pancreas are observed. 
The kidneys show evidence of parenchymatous degeneration. Patches of capillary 
hemorrhage occur in the medulla, and numerous red cells are found within the 
tubules in such regions. The pathologic picture thus confirms the clinical and 
experimental evidence on the significance of increased capillary permeability as 
the essential feature of shock.” 

The preceding data indicate that divergent views have been adjusted 
concerning the major factors in the dynamics of shock. Investigations 
on other features can now go forward relatively undisturbed by contro- 
versial discussions. 

Material and Methods 

The purpose of this survey is to secure information on the occur- 
rence of shock from causes other than trauma, to collect additional 
data on associated pathologic changes, and to record evidence of physi- 
ologic disturbances, especially the renal effects. 

The Director of the Army Institute of Pathology provided oppor- 
tunity to study the material collected there. The clinical and post- 
mortem records, histologic preparations, and the entire facilities of the 
Institute were made available for a survey on the pathology of shock 
as seen in the personnel of the U. S. Army. Thousands of records of 
death from all causes presented an abundance of material for study. 
To tabulate the data from all of these was an undertaking of stagger- 
ing proportions, for which time was not^ available. Accordingly, the 
statistical approach was abandoned in favor of detailed studies of 
representative cases appropriately grouped. In every instance the 
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clinical and post-mortem data were taken directly from the records, 
but the microscopic studies were made by me. 

Tuau.nta 

Under tlie heading of trauma are grouped tho.?c instances in which 
fatal circulatory deficiency resulted from traumatic or surgical injuries. 
The causative mechanism in such cases includes trauma, hemorrhage, 
infection (all battle wounds arc gro.'jsly contaminated), and sometimes 
anesthesia, surgery, reaction to transfusions, renal complications and 
other contributory conditions. It is manifestly impossible to evaluate 
the relative weight of these several factor.s in any given case. The 
causation of shock in this group i.s more comple.v than in the succeed- 
ing groups. 

Thirty cases of shock resulting from trauma and associated condi- 
tions were studied. They presented different degrees of severity as 
indicated by the interval between injury and death, ranging from a 
few hours to 6 days. These features are indicated briefly in the list 
which follows: 

ylJJ^.Acccs- 

sion Number Origin 

84837 Abdomen hit by the recoil of a go mm, gun. Death 8 hours later. 
122323 Death during surgical operation for G.S.W.*^ received weeks before. 
122486 Death during surgical operation for multiple G.S.W. 

128121 S.F.W.* of thighs, compound fracture, transfusion reaction, anuria. 

1264S8 G.S.W. of legs and feet, compound fracture. Dcafli 24 hours later. 

122293 G.S.W. of thigh, fractured femur. Death 24 hours later. 

86750 G.S.W. of body, fractures. Death 24 hours later. 

114945 G.S.W., multiple fractures. Death 30 hours later. 

88192 Automobile accident, multiple fractures, gas gangrene. Death 34 hemrs 
later. 

86134 Fall from fourth story wdndow, compound fractures. Death 36 hours 
later. 

97750 Automobile accident, fractures, internal injuries. Death 48 hours later. 
118315 S.F.W. of thighs, pulmonaiy' edema. Death 48 hours later, 

118316 G.S.W. of leg and thigh, fractures. Death 48 hours later, 

1271S6 S.F.W. of legs and feet, compound fracture, anuria. Death 4S hours 
later. 

84641 Automobile accident, internal injuries, anuria, high nonprotein nitrogen. 
Death 53 hours later. 

85677 Automobile accident, fractures of femurs, mandibles, ribs. Death 3 
days later. 

126438 G.S.W. of arm, fractures, gas gangrene, amputation. Death 3 days later. 
127580 S.F.W. of buttocks, pulmonary edema, anuria. Death 3 days later. 
102060 Resection of rectal carcinoma, oliguria, uremia. Death 4 days later. 
119159 Automobile accident, compound fracture of pelvis. Death 4 days later. 

* G.S.W, and S.F.W, indicate gunshot wounds and shell fragment wounds, respectively. 
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122144 S.F.W., comminuted fractures of legs and arms, gas gangrene, oliguria. 

Death 4 days later. 

113425 Ileitis, surgical resection, anuria, high nonprotein nitrogen. Death 5 
days later. 

118404 S.F.W. of thighs and leg, compound fractures, anuria, high nonprotein 
nitrogen. Death 5 days later. 

121439 G.S.W., transfusion reaction, anuria. Death 5 days later. 

118313 G.S.W. of legs, transfusion (reaction?), high nonprotein nitrogen. 
Death 6 days later. 

121411 S.F.W. of legs, comminuted fractures, shock developed 6 days later. 
128117 S.F.W., multiple fractures, anuria, uremia. Death 6 days later. 

126031 S.F.W., gas gangrene, amputation. Death 6 days after receipt of wound. 

127269 G.S.W. of leg, ischemic gangrene. Death 6 days later. 

118359 S.F.W. of buttocks and legs, fractures, gas gangrene, amputation. Death 
10 days after receipt of wound. 

Pathologic Conditions 

Pulmonary hyperemia and edema were found regularly in all cases. 
In most instances these were marked; they were slight or moderate 
in only 6. Serous effusions were present in 21. Petechiae were noted at 
necropsy or found microscopically in 15. The development of pneu- 
monia in shock with delayed death has been reported.^^ In 20 cases 
death occurred 48 hours or longer after the injury; terminal pneumonia 
was present in 12 of these, either incipient or well advanced (Figs, i 
and 10). 

Some degree of atelectasis was present in 13 cases. In some this was 
noted grossly at necropsy; in others it was seen in varying degrees 
microscopically, as small scattered areas. This feature has not been 
reported hitherto as associated with shock. Its significance and mecha- 
nism of origin are not apparent. 

Parenchymatous degeneration ranging to necrosis was a regular 
feature, especially in the kidneys, liver, and heart. In 20 cases, marked 
parench5miatous degeneration was present in the kidneys; in 12 of 
these, necrosis of tubular epithelium also was present; in 6 cases the 
degeneration was moderate or slight. In the remaining 2 instances, 
post-mortem changes made the recognition of degeneration uncertain. 
Casts were present in the tubular lumina in 19 instances; these were 
hyaline, granular, cellular, or mixed; in a few instances the casts con- 
tained brown pigment. In aU instances the renal parenchinna was 
moderately or markedly hyperemic; minute hemorrhages were seen 
frequently, and red cells were often found in the tubular lumina (Figs. 

4 and 5). 

In 26 cases, parench3miatous degeneration of hepatic cells was 
marked; in 22 there was also necrosis. This varied from occasional 
scattered cells, focal necrosis, to extensive areas usually in the central 
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part of the lobules (Fig. 3). Degenerative changes of heart muscle 
libers, ranging from slight to inarkerl, were present in 2 1 Instances. In 
a few eases foci of necrosis were present In I\‘niphoifl (issue and in 
the adrenals (Fig, 2). Splenic engorgement was noted in 13 instances. 

In these cases, shock resulted not from a single causative agent but 
from a combination of causes: the delayed effects of tissue injury, 
hemorrhage, infection, and, in some instances, anesthesia, surgery, and 
unfavorable reaction to transfusion. TJie reinlivc importance of these 
factors varied from case to case. 

Hcmorrliage and local loss of blood had occurred in many cases. 
That Iiemorrhagc was not the sole factor was suggested by the facts: 
(i) that restoration of blood volume by fluids, plasma, and transfusion 
did not restore circulator}'’ efficiency; (2) that in some instances a high 
red blood cell count indicated that some mechanism liad disturbed fluid 
balance and had prevented the dilution of blood which normally fol- 
lows hemorrhage; (3) that marked visceral congestion, edema, effu- 
sions, and petechiae indicated the effects of some other agency. These 
findings are not characteristic of death from uncomplicated hemor- 
rhage. 

In some instances infection was not apparent from the clinical or 
post-mortem data, while in battle wounds, some complicated b}'’ gas 
gangrene, infection was a prominent contributory factor. The visceral 
findings in these were like those seen throughout the group. There 
is evidence that products of bacterial growth may cause capillary per- 
meability. Examinations of the blood, when recorded, showed varjdng 
degrees of hemodilution ; in onl}’- 3 instances was there hemoconcentra- 
tion. However, most cases had received fluid intravenously which 
would, of course, counteract hemoconcentration. In some, tlie large 
amounts of fluid given were more, perhaps, than a failing circulation 
could retain. Some degree of capillary permeability is a central feature 
in shock; such capillaries will allow saline fluids to escape rapidly, 
thus increasing the edema. 

The circulatory disturbances which lead to shock may develop in 
varying degrees and with varying rapidity. Maximal degrees may 
cause death from failure of the circulation within 24 hours regardless 
of therapeutic measures. With lesser degrees the patient may respond 
favorably and recover; in others, a condition of sublethal shock per- 
sists for several days. In such cases, either renal insufficiency or 
terminal pneumonia may be expected to complicate the condition. 
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Oliguria or anuria is present early and continues as shock progresses 
(Atchley,^^ Freeman, Blalock^). This often leads to uremia if the 
subject survives for a few days.^° Renal deficiency and retention of 
nitrogenous wastes were present in 8 cases of this group and 3 of these 
followed transfusion reactions. A cause for renal insufficiency is sug- 
gested in the marked degeneration and necrosis of the tubular epi- 
thelium. 

Transfusion reactions vary widely in degree. The severest reactions 
cause death from progressive circulatory collapse, sometimes resem- 
bling fatal anaphylactic shock (Best and Taylor,^^ Bordley,^^ Wie- 
ner^®). Renal deficiency develops following severe nonfatal reactions 
and death may occur from uremia, as in cases 12 1439, 127136, and 
128121. In these the visceral findings were the same as in delayed 
death after shock from other causes. Degenerative changes and ne- 
crosis of renal tubular epithelium were marked, as in other instances 
of uremia associated with shock. 

Traumatic shock results from a combination of causes, the relative 
importance of which varies in different cases. The causative factors 
in subsequent groups do not include so many variables, hence an analy- 
sis of the mechanism will be less involved. Early death from traumatic 
shock results from circulatory failure. Death after 48 hours often is 
the result of a combination of circulatory deficiency with renal defi- 
ciency and terminal pneumonia. 


Burns 

Patients with extensive burns of the skin often present the complete 
picture of secondary shock. Harkins’ survey indicated tliat shock 
is the cause of death in 60 to 75 per cent of fatalities from burns. 
Examination of data from numerous cases indicated that they confirm 
what is already recorded in medical literature concerning the clinical 
course and the post-mortem findings after death from burns. Ten 
representative cases were studied for comparison with the findings in 
shock from other causes. Also 3 instances of burns made by phos- 
phorus upon the skin or blown into tlie flesh were studied. In these, 
absorption introduced a possible factor of phosphorus poisoning. 

A.I.P. Acces- 
sion Ntnnher Conditions 

87628 Extensive 2nd and 3rd degree bums. Death 12 hours later. 

12237S Extensive and and 3rd degree bums, about 4® per cent ot shin. Death 

12 hours later. 

125364 Extensive and and 3rd degree bums. Death 15 hours later. 
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125903 Extensive 2nd and 3rd degree bums, DeatJj 24 hours later. 

107676 E-xlcnsivc 3rd degree burns, liigh nonprotcin nitrogen. Death 2S hours 
later. 

S6891 Fractures, 2nd and 3rd degree burns. Dcalli 26 hours later. 

127272 Extensive end and 3rd degree bums. Death ^>8 hours hater. 

122679 Burns of entire body, anuria. Death 3 days later. 

90393 Extensive severe burius, anuria, Death 4 days later. 

118506 Extensive 2nd and 3rd degree burns, high nonprotein nitrogen. Death 
8 days later. 

11.^072 Phosphorus bums, 40 per cent of shin. Death 12 hours later. 

93453 Phosphorus burns, 2nd and 3rcl degree. Death 15 hours later. 

106660 Phosphorus bums, 2nd and 3rcl degree, anuria, high nonprotcin nitro- 
gen, Death 4 days later. 

In every case the findings were like those of traumatic .shock,, but 
tended to be more severe. Pulmonary hyperemia and edema were 
marked (Fig. 6 ). Pleural effusions were noted in 7, and petcchiae in 
9 instances. Termintil pneumonia was present in the lungs of 5 men 
who lived longer than 2 days after burning. The degeneration and 
necrosis of renal tubular epitlielium were marked; degeneration and 
necrosis of hepatic cells were extensive (Fig. 9). In 10 instances the 
adrenal cortices were degenerated and abnormally vacuolated. In a 
few instances, post-mortem changes made the recognition of degenera- 
tion uncertain. Myocardial degeneration was seen in 12 of the 13 
cases. Casts were found in renal tubules in 7 instances. In one of 
tliese the casts contained quantities of brown pigment; no transfusion 
or sulfonamide tlierapy had been given in this case (Figs. S and 9). 

Some writers disregard the systemic effects of burns and attribute 
depleted blood volume and hemoconcentration to local loss of fluid in 
and about the burned areas. The importance of sucli loss is unques- 
tionable; its effects are proportional to the amount of fluid lost. But 
loss of fluid locally does not account for tlie intense h>q)eremia, edema, 
acute degeneration and necrosis occurring in visceral areas remote from 
the burn. These indicate widespread and serious systemic effects. No 
treatise on burns will be complete unless it provides an acceptable 
explanation for the systemic as well as the local effects. 

It has been suggested that degeneration and necrosis may result 
from the absorption of tannic acid, sulfonamides, or other drugs ap- 
plied to the burns. It should be remembered that visceral 
edema, and degeneration and necrosis of hepatic and renal cells were 
set forth as characteristic features long before such local treatments 
were practiced (Bardeen,^^ Pack ^-). Significant evidence has accumu- 
lated indicating the systemic effects of toxic products absorbed fro^^ 
the burned tissue itself, and no evidence incompatible with this inter 
pretation has been shown. 
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Poisoning 

It has been observed that acute poisoning often is accompanied by 
signs of shock. These include weakness, perspiration, vomiting, rapid 
pulse, low blood pressure, and oliguria. Hemoconcentration usually 
accompanies this syndrome.^^ Often the visceral changes, including 
hyperemia, parenchymatous degeneration, edema, and petechial hemor- 
rhages, are like those already described. These effects result from 
various poisons, hence they are not the specific effect of some par- 
ticular drug or chemical. It is of interest to compare the changes seen 
in the viscera after death by poisoning with those seen after shock 
from trauma and from burns. Data and post-mortem evidence from 
20 cases of poisoning were studied. 

AJ.P. Acces- 
sion Number Conditions 

89731 Shock reaction, delayed 3 days after neoarsphenamine. Death 24 hours 
later. 

1 1 1925 Immediate reaction to mapharsen, oliguria, high nonprotein nitrogen, 

hemoconcentration, uremia. Death 7 days later. 

120574 Arsenic poisoning, oliguria, high nonprotein nitrogen, hemoconcentra- 
tion. Death 36 hours later. 

128449 Suicide by arsenic, shock. Death same day, 

129165 Suicide by arsenic, shock, hemoconcentration. Death 28 hours later. 

60482 Mercuric poisoning, anuria, hemoconcentration. Death 2 days later. 

66984 Suicidal mercuric poisoning, anuria, high nonprotein nitrogen. Death 
8 days later. 

98365 Mercuric poisoning, shock, hemoconcentration. Death 24 hours later. 
72500 Suicide, rat poison (phosphorus). Death 7 days later. 

85342 Suicide, rat poison (phosphorus). Death g hours later. 

98461 Suicide, rat poison (phosphorus), shock. Death 5 days later. 

103527 Overdose of barbiturate. Death 24 hours later. 

106299 Found dead, barbiturate poisoning. 

106544 Seconal poisoning, shock, found unconscious. 

108088 Found dead, barbiturate poisoning. 

116989 Suicide by barbiturate. Death 2 days later. 

^^3935 Alcoholism and barbiturate poisoning. Death 48 hours later. ^ 

128452 Suicide by barbiturate poisoning, shown by chemical analysis. 

128656 Barbiturate poisoning, shown by chemical analysis. 

1 286 1 1 Protracted drinking bout, acute alcoholism. 

Pulmonary hyperemia and edema were present in marked degree 
in 13; in 6 they were slight or moderate; and in one, suicide by arsenic, 
they were absent. Atelectasis was seen in 4 instances. Terminal pneu- 
monia was found in 4 of the 7 men who lived 48 hours or longer. 
Petechial hemorrhages were recorded in 12, serous effusions in only 4* 
Degeneration and necrosis of renal tubular epithelium were found 
regularly, regardless of the type of poisoning. Necrosis was more 
marked after poisoning with arsenicals, mercury, and phosphorus than 
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after barbiturate poisoning; also, fewer casts were found in the 
tubules in tlie latter. Likewise degeneration and necrosis of hepatic 
cells were regularly present, but %vcrc less marked after barbiturate 
poisoning. Myocardial degeneration was seen in 13 cases; in 7 cases 
no histologic section of heart muscle was saved. Splenic engorgement 
was present in 13 cases. 

Traumatic shock results from the combined effects of several causa- 
tive and contributory conditions, hence the difficulty of accurate analy- 
sis, but shock from the effect of poisons is less complicated since the 
contributory factors are few. There is no possibility of nerve impulses 
from wounded tissues, of hemorrhage or leakage of plasma locally, of 
infection, anesthesia, or reaction to transfusion of blood or plasma. 
These indeterminate variables have been eliminated from tlie equa- 
tion, making analysis relatively simple. 

Students of capillary reactions have shown that various drugs 
and chemicals, sometimes called “capillary poisons,” may cause atony, 
dilatation, and increased permeability of capillary endothelium. Any 
kind of injurj'' to capillaries increases the permeability of tlieir walls.® 
These considerations indicate that various poisons ma}^ produce shock 
by their direct effects upon capillar}'- endoOielium. This interpretation 
is supported by tlie visceral findings; the capillovenous hyperemia, 
edema, serous effusions, and petechiae indicate aton}’-, dilatation, and 
abnormal permeability of the walls of the minute vessels. Such changes 
did not vary in kind or degree with the various t}'pes of poison. The 
renal effects of poisons, especially mercurials and arsenicals, are well 
known. These are considered in a later section. 

Infections 

Internists have observed that severe fulminating infection may cause 
progressive circulatory failure like that of shock from other causes. 
This effect does not depend upon tlie bacterial species, but upon the 
virulence in the individual case. Ten cases of severe infection, as listed 
below, were studied. 

A.I.P. Acces- 
sion Number Conditions 

118865 Fulminating meningitis. Death 12 hours later. 

93449 Fulminating meningitis. Death 12 hours later. 

106479 Fulminating meningitis. Death 24 hours later. 

128538 Fulminating meningitis. Death 24 hours later. 

108004 Mixed streptococcal and staphylococcal meningitis. 

101617 Septicemia (organism not stated). Death 6 hours later. 

108955 Streptococcal septicemia. Death 7.5 hours later. 



PATHOLOGY OF SECONDARY SHOCK 


247 


102147 Influenza. Death 48 hours later. 

1 1 1409 Severe infection (tularemia?), anuria, high nonprotein nitrogen, 

uremic frost.” Death 12 days later. 

125907 Falciparum malaria, anuria, high nonprotein nitrogen. Death 9 days later. 

The pathologic findings in each of these cases presented the same 
degeneration ranging to necrosis, as seen in shock from trauma, burns, 
and from poisons. Pulmonary hyperemia and edema were intense in 
9 cases, moderate in one (93449). Petechiae were present in 9 and 
absent in one (111409). Hepatic, renal, and cardiac degeneration and 
necrosis were marked in all cases. Two of the 4 cases of fulminant 
meningitis — ^Waterhouse-Friderichsen S3mdrome — ^had extensive adre- 
nal hemorrhages. In one case these were absent and in one no ob- 
servations on the adrenals were recorded and sections of them were 
lacking. 

Two patients, cases 125907 and 111409, died of uremia on the 9th 
and 1 2 th days, respectively. In one, terminal pneumonia also was 
present. Each showed extensive degeneration and necrosis of renal 
tubular epithelium, casts, and debris in the tubular lumina. Similar 
renal findings were present in the patient with influenza dying in 48 
hours. 

The occurrence of circulatory collapse is not unusual in diphtheria, 
septicemia, meningitis, gas gangrene, cholera, plague, yellow fever, 
malaria, and in other acute infections. Its occurrence seems to depend 
on the severity or virulence of the infection. Dale stated that the 
action of bacterial ferments upon proteins may give rise to cleavage 
products which will cause secondary shock. Atchley^^ believed that 
this results from paralysis of the capillaries by bacterial toxins. He 
cited an instance of pneumococcal vaccine given intravenously, result- 
ing in shock. Brodie found that small amounts of diphtheria toxin 
caused an immediate fall in blood pressure when given intravenously 
to animals. MacCallum made similar observations. Harding sur- 
veyed 800 cases of diphtheria and noted that circulatory failure, with 
hemoconcentration like that of wound shock, occurred in the toxemic 
stage. Influenza of fulminating severity produces progressive circula- 
tory deficiency ending in death. Other instances might be cited. 

Shock in severe infections, like that resulting from poisons, is rela- 
tively simple in its origin; trauma, hemorrhage, anesthesia, local loss 
of fluid and other complicating factors are not involved. IMany believe 
that bacterial toxins, or products of bacterial metabolism in the tissues, 
affect endothelium like histamine or other capillar>^ poisons. This 
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interpretation is supported by necropsy findings in such cases. These 
are not difiercnt in kind from those seen in .shock from other causes. 

It is recognized by internists that .severe infections often cause 
deficient renal function, 'rhis occurrence is not limited to yellow fever 
and falciparum malaria but is .seen with other infections. Two of the 
cases studied showed thi.s feature. The gross and microscopic changes 
in the kidneys were like those accompanying renal failure in the other 
groups. 

Anoxia 

The importance of anoxia in the mechanism of secondnr\' shock has 
been emphasized by man}'’ authors. It is believed to be a major factor 
in the vicious circle by which .shock progrc.s.^^cs to an irreversible stage. 
For this reason, findings after death from simple lack of oxygen, or 
from asphyxia, are of interest, A group of 15 such cases was studied. 

A.i.P. Acces- 
sion Number Conditions 

83172 Removed Oo mask in low pre.ssure cluamber, equiv.ilcnt altitude sC.^oo 
ft. 

10S33S Removed Oo mask in ilighl at 23,000 ft. 

111237 On line disconnected in flight at 27,000 ft. 

1 1433 1 Oo line disconnected in flight at 30,000 ft. 

1 14333 O2 line frozen in flight at 30,000 ft. 

1 14342 Oo line disconnected at 31,500 ft. 

114334 Oo line disconnected at 30,000 ft. 

114356 Oo tank empty at 26,000 ft. 

1 14357 Oo line frozen at 26,000 ft. 

100788 Asphyxiated by CO. 

128137 Asphy,xiated by CO. 

128450 Asphyxiated by CO. 

129055 Asphyxiated by CO. 

127170 Suffocation bj' fumes in burning building. 

128153 Death by drowning. 

Ten additional records of death by anoxia in aviation were reviewed. 
In these the necropsies were done 24 to 48 hours after deatli, hence 
observations on parenchymatous changes were unsatisfactor}^ The 
circulatory changes in these 10 were exactly like those given belovr, but 
figures from these are not included in the findings. 

The visceral changes were like those in the preceding groups except 
that hyperemia was more intense and necrosis and edema were less 
marked. In each case there was intense hyperemia of tlie lungs, liver, 
and kidneys. Petechial hemorrhages were noted in the post-mortem 
records in each instance. Edema of the lungs was marked in 3, mod- 
erate in 8, and absent in 4 cases; serous effusions were not recorded 
in any instance. Parenchymatous degeneration of the liver and kidneys 
was marked in 8 cases, slight in one; in 6 instances, post-mortem 
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changes made the recognition uncertain. Myocardial degeneration was 
seen in only 7 instances. Some degree of necrosis of both hepatic and 
renal tubular cells was seen in 8 cases. 

The time interval between the beginning of anoxia and the cessation 
of circulation is not known; however, it probably was short, perhaps 
IS to 30 minutes. Perhaps this was insufficient time for the develop- 
ment of edema and effusions. The presence of severe parenchymatous 
degeneration and of beginning necrosis deserves comment. Since they 
developed in so short a time, it appears that renal and hepatic epithe- 
lium is delicately susceptible to anoxia, even of short duration. It is 
significant also that petechial hemorrhages were seen in every case. 

The cause of death in this group was simple. Neither nerve impulses 
from traumatized tissues, hemorrhages, local loss of fluid, poisonous 
substances, bacterial toxins, nor products of tissue autolysis were pos- 
sible factors. Yet the visceral changes were of the same pattern as 
when one or more of the factors just mentioned were operative. Anoxia 
appears to be the one common factor in the mechanism of secondary 
shock from diverse causes. Perhaps it is the most important cause for 
petechial hemorrhages and for the parenchymatous changes found after 
death by shock. 

When men succumbed to lack of oxygen in high altitude flight, the 
additional factor of low atmospheric pressure was introduced. The 
intense hyperemia, extreme dilatation of capillaries and venules, and 
the occurrence of numerous petechiae may be due in part to decreased 
extravascular (atmospheric) pressure. This would tend also to cause 
edema. H3^eremia, edema, and petechiae can be produced locally by 
applying a vacuum cup to a normal skin surface. 

In the instances of death by drowning, nitrous oxide anesthesia, suf- 
focation, and asph30iia by carbon monoxide, the anoxia was not accom- 
panied by low atmospheric pressure. The same pattern of changes was 
present in these cases although the congestion and edema were less 
intense than when anoxia was combined with low atmospheric pressure. 

Low Atmospheric Pressure 

Aviation at high altitude often causes collapse resembling surgical 
shock even though abundant oxygen is supplied. “The most dangerous 
aspects of severe reactions resulting from exposure to lowered barome- 
tric pressure are the latent period of from i to 6 hours which frequently 
precede the manifest appearance of clinical shock; and the consequent 
resistance to treatment of what may be, at this point, a full-blown 
vicious circle of peripheral circulatory insufficiency, tissue anoxia, and 
marked hemocentration.” Chambers from which the air was ex- 
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hauslcd, to simulate atmospheric conditions at various altitudes, were 
used to test the ability of aviators to withstand the effects of low 
pressure; oxygen was supplied as in actual high altitude flight. Fatali» 
tics occasionally resulted even under most careful supervision of such 
tests. I had opportunity to study the data and to determine the patho- 
logic findings in 5 such cases for comparison with those of shock from 
other causes. 


A.LP. Acces- 
sion Number Conditions 

95412 72 minutc.s at 38^000 ft. Dc.ith 10 hour.n later. 

100S22 One hour at 30,000 ft. Death 24 hours I.atcr. 

100S93 Discomfort and pain at 38,000 ft. Death 47 hours later. 

103767 Discomfort and pain at 38,000 ft. Death 17 hours later. 

127451 20 minutes at 30,000 ft. Death 55 hours later. 

Since little is known of tlie mechanism causing shock from low’ at- 
mospheric pressure, such cases are of special interest. Accordingly, 
condensed clinical and pathologic data from 2 representative cases arc 
given. 

Case J00S22 

After I hour at 30,000 ft. and while ascending to 38,000 ft., the subject gave 
up the test because of severe ‘‘bends’’ and “chokes.” When taken out of the 
chamber he was verj' weak and sweating profusely. He was given oxj’gen by 
inhalation, and was placed under obser\’ation. Tlic blood pressure was 140/104 mm. 
Hg; pulse, 90; red blood cells, 5,400,000; leukocytes, 23,000; hematocrit, 60. 
Roentgenograms of the chest showed pulmonary’ edema, recorded as moderately 
severe. Four hours later he was restless and vomited twice. The pulse was 140; 
the blood pressure, 120/80, later declining to 90/0. Plasma given intravenously 
caused no increase in the blood pressure; oxygen was continued. The nc.\'t day he 
w'as weaker, restless, and cyanotic. Death occurred about 24 hours after the test. 

At post-mortem examination, 750 cc, of serous fluid w’as found in 
each pleural cavity. The lungs, weighing S50 and 742 gni., were con- 
gested and markedly edematous. The heart W’eighed 410 gm. and 
showed no visible abnormalities. The spleen weighed 220 gm. and the 
liver, 2395 gm., with no abnormal features. Petechial hemorrhages 
were seen in the gastric mucosa and marked hemorrhages in the lining 
of the jejunum and ileum. There was congestion of the meninges. The 
kidneys, weighing 200 and 180 gm., were congested. 

Microscopic Examination. The lungs showed intense capillovenous 
hyperemia and edema. The myocardium was edematous and the fibers 
showed parenchymatous changes. The spleen was ischemic. , The liver 
showed degeneration, marked fatty changes, and central necrosis. 
There was intense hyperemia of the gastrointestinal mucosa. The 
cortical cells of the adrenals were vacuolated. The brain and meninges 
were h5rperemic and edematous. The renal cortex and the medulla were 
moderately hyperemic. The tubular epithelium showed degenerative 
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changes which seemed more advanced in the upper than in the lower 
segments. 

Case looSgj 

At a relative altitude of 38,000 ft., the subject became pale, the respirations 
were increased, and he complained of muscular pain and weakness. The altitude 
was reduced gradually and the test was discontinued. The pulse was 60; the blood 
pressure, 100/60 mm. Hg. The heart sounds were normal, the breath sounds were 
decreased, and the skin moist. He seemed drowsy and unable to talk coherently. 

When placed in the hospital, the pulse was 80; the blood pressure, 110/80. Four 
hours later he seemed worse, irrational, and was thrashing about. Plasma, saUne 
solution, and oxygen were given, and his general condition improved. The hemato- 
crit at tliis time was 56.1 ; the white cells, 20,000. Three hours later his condition 
became grave, the hematocrit was 64.9, no pulse could be obtained; he was sweat- 
ing and apparently in profound shock. The extremities were cold but the rectal 
temperature was io7.6°F.; on recheck 10 minutes later, this was 108.4° F- He 
was packed in ice and given plasma and saline solution. On the follovdng day 
the general condition seemed improved but still critical. He was restless and the 
breathing was labored. The blood pressure was 122/80; hematocrit, 55. He was 
given plasma and saline solution continuously. On x-ray examination the cardiac 
shadow was not enlarged, but the pulmonary markings were increased and inter- 
preted as vascular stasis. On the next day the respirations were easier, the blood 
pressure more nearly normal, and the temperature lower. The hematocrit was 50; 
white cells, 13,500. The urine showed a specific gravity of 1.017; albumin, 4 plus. 
He was seized with convulsions, the circulation failed, and death occurred 45 hours 
after admission to the hospital. 

Post-mortem examination revealed marked hyperemia and edema of 
the lungs. These were described as solid in the posterior portions. The 
liver and brain were congested. No other gross abnormalities were 
recorded. 

Microscopic Examination. The lungs were intensely hyperemic and 
edematous. There were areas of atelectasis and capillary hemorrhages 
(Fig. 16). The myocardium was edematous and degenerated. The 
splenic pulp was deficient in red blood cells. The liver was h3rperemic; 
the cells showed advanced parenchymatous degeneration ranging to 
necrosis (Fig. 17). The adrenal cortex was hyperemic; the cortical 
cells were vacuolated. The brain showed widespread autolysis and a 
few perivascular hemorrhages. The renal parench5Tna was hyperemic. 
The tubular epithelium was flat and the lumina were wide. Albuminous 
material was present in the glomerular spaces. The collecting tubules 
contained dark, pigmented casts, granular casts, and erythrocytes. The 
stroma was edematous (Figs. 18 and 19). 

In each of the 5 cases, the gross and microscopic findings were essen- 
tially the same as in these 2. Shock from low atmospheric pressure 
presents some features not seen in shock from other causes: The body 
temperature was excessively high; there were convulsions and other 
signs of neurologic disturbances; extensive degeneration was found in 
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various jjarts of the central nervous system. In these particulars the 
syndrome resembles tliat of heat stroke, as will appear in the succeed- 
ing group. Several items were especially noteworthy in these cases: 
The concentration of the blood was high; in one case the hematocrit 
reading was 64.9. Other clinical signs of circulatory failure were 
marked. It is significant that the vi^'ceraI findings were of the same 
pattern as in the other groups. The development of renal failure, witli 
progressive retention of nitrogenous waste.s, was rapid in case 100S93. 
Pigmented casts and other changes in the kidneys wore like those .seen 
in the ‘'crush syndrome”'”' although no transfusions nor sulfonamide 
therapy had been employed. 

Several items are suggested as possible factors in the mechanism of 
shock from low atmospheric pressure. Low c.xternal pressure would 
contribute mechanically to the dilatation of minute vessels and to the 
leakage of fluid through their walls. This might derange fluid balance 
as seriously as would to.xic or ano.xic injury to endothelium; hence the 
hemoconcentration and circulatory deficiency. It has been suggested 
tliat low barometric pressure interferes directly with internal respira- 
tion even tliough abundant oxygen is supplied for breathing. Neither 
o.xygen nor other gases under low pressure are absorbed readily by 
fluids. The hemoglobin of the erythrocytes is essentially a fluid; it 
may not absorb physiologic amounts of oxygen if the gaseous pressure 
is greatly decreased. Low external pressure may be directl}’’ injurious 
to tlie central nervous S3’’Stem. Extensive neurologic damage was found 
histologically in various parts of the brain. It is known tliat trauma, 
embolism, infection, or hemorrhage in some areas of the brain may 
produce the clinical sjmdrome of shock accompanied by hemoconcen- 
tration and characteristic visceral changes. The exact mechanism of 
these phenomena has not been sliowm and should be a fruitful subject 
for investigation b}'- neurophj'^siologists. 

Once the circulation and fluid balance are deranged, by any one of 
these mechanisms or by tlieir combined effects, the resulting anoxia 
in the tissues will perpetuate the vicious cycle of secondary shock 
with its characteristic visceral and renal effects. 

Heat Stroke 

Features of resemblance between heat stroke and secondary shock 
have been reported.”® Drinker noted sudden collapse and coma 
accompanied by vomiting and high fever, rapid pulse, and low blood 
pressure as the usual signs. He stated that tlie condition resembles 
surgical shock except for the elevation of temperature. Hill ■*“ ob- 
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served that at necropsy “the organs .... show capillary congestion, 
as in wound-shock.” 

Several authors include heat stroke among the conditions 

which may cause shock. Hartman observed manifestations of 
shock in cases of therapeutic hyperthermia resulting fatally. In one, 
the blood pressure sank to 68/20 at the end of the treatment; death 
came 20 hours later. He stated that the pathologic changes, both in 
human cases and in experimental animals, were typical of anoxia pro- 
duced in other ways. 

Twelve representative cases of heat stroke were selected in which 
death occurred after intervals varying from 25 minutes to 6 days; one 
case following therapeutic hyperthermia is included. Shock had been 
noted clinically in most cases. 

A.LP. Acces- 
sion Ntimber Conditiojis 

84012 Fell unconscious during drill. Death. 25 minutes later. 

97543 Fell unconscious during hike. Death 3 hours later. 

96187 Collapsed, comatose, after 25 mile hike. Death 6 hours later. 

112746 Severe sunstroke while on duty. Death 6.5 hours later. 

85876 Collapsed during “K.P.” duty. Death 12 hours later. 

102099 Fell unconscious while marching. Death 24 hours later. 

97148 Collapsed during heat; shock, high temperature. Death 25 hours later, 

97556 Collapsed during long distance run; oliguria. Death 34 hours later. 

113428 Collapsed during heavy work in heat; oliguria, high blood nonprotein 
nitrogen. Death 36 hours later. 

96554 Comatose after exposure to heat; oliguria, high nonprotein nitrogen. 
Death 3 days later. 

102705 Heat exhaustion; oliguria, albuminuria, high nonprotein nitrogen. Death 
6 days later. 

89594 Collapse after therapeutic hyperthermia; anuria, high nonprotein nitro- 
gen. Death 6 days later. 

The gross and microscopic changes ' found after death from heat 
stroke, therapeutic hyperthermia, and heat exhaustion were of the 
same types as described in the previous groups. Petechial hemorrhages 
were found in every case. The lungs were intensely hyperemic in ii, 
moderately hyperemic in one. Pulmonary edema was present in 9, atelec- 
tasis in 6, incipient pneumonia in 2. The spleen was engorged in 6. 
The kidneys were hyperemic in every instance. The myocardium was 
hyperemic in 7, edematous in 8, and showed degeneration in every case. 

Parenchymatous degeneration and necrosis of the liver, kidneys, 
and heart were present regularly and were more extreme in degree 
than those seen in any other group of cases. It is known that post- 
mortem changes develop most rapidly after death from heat stroke; 
perhaps this is due to the high body temperature which regularly pre- 
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ceded death. In s instances necropsies were performed in i to 3 hours 
after death; the changes mentioned were equally intense in these cases. 

It is noteworthy that signs of renal disturbance occur incident to 
heat stroke. Albuminuria was noted in 4, oliguria in 4, and retention 
of nitrogenous wastes in 6. In many instances no laboratory studies 
on the urine and blood had been made. On microscopic c.\'amination, 
casts were found in the renal tubules in 6 of these cases (Figs. 25 
and 26). 

Subsequent to these studies, an extended survey on the patliology 
of heat stroke has been published by Malamud, Haymakerj and 
Custer based upon material from 125 cases in the Army Institute 
of Patllolog5^ HjqDcrthcrmia was a clinical feature in all but 2 of 
these. Clinical signs of shock were prominent; the ultimate outcome 
usually depended upon the degree of shock sustained. Pathologic 
changes in tlie central nervous system were conspicuous; progressive 
degeneration of neurons, congestion, edema, and petechial hemor- 
rhages. The degeneration was attributed to excessive heat, the other 
changes to shock. “Evidences of acute circulatory failure, such as 
hemorrhage, edema, and vascular engorgement, were observed in vir- 
tually all cases regardless of the duration of illness.” Serous effusions 
were recorded in 33 cases. “In virtually all cases there was intense 
vascular [pulmonary] congestion.” This regularly was accompanied 
by edema; in no case was the weight of the lungs within normal limits. 
Some degree of pneumonia was found in 31 cases. Myocardial degen- 
eration was frequent, ranging from irregular patches to large foci of 
necrosis. The kidneys regularly were hyper emic and abov'e normal 
weight. The degree of parenchymatous change was less in cases of 
short duration. “Lower nephron nephrosis” was observed in 19 cases; 
this was severe in those who lived 35 hours or longer. The livers were 
congested and above normal weight; central lobular necrosis was seen 
in 12 of the cases which survived 31 hours or longer. 

The recorded data support the belief that secondary shock is an 
important factor in death from heat stroke. Thermic deaths are accom- 
panied by acute neurologic lesions. The mechanism by which such 
lesions cause shock has not been shown, but the presence of shock in 
such cases seems clearly established. The associated anoxia probably 
causes the parenchymatous degeneration and necrosis seen in the kid- 
neys, liver, and heart. The clinical evidence of cerebral damage, the 
accompanying high fever, and the pathologic conditions found in the 
brain and in the viscera indicate that deaths from low atmospheric 
pressure and from heat stroke have certain features in common. 
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Abdominal Emergencies 

It has been observed that serious abdominal conditions may present 
the S3mdrome of shock. Instances are seen in perforations of the 
viscera, acute pancreatitis, intestinal obstruction as by volvulus or 
strangulated hernia, mesenteric thrombosis, and others. In several of 
these, such as acute hemorrhagic pancreatitis, perforation of the gall- 
bladder or of an ulcer, the onset of shock is immediate. In others, such 
as intestinal obstruction or peritonitis, the circulatory failure may be 
delayed somewhat. Ten such cases were surveyed; 


A.I.P. Acces- 
sion Nztmber Conditions 

101591 Intestinal infarction, shock, anuria. Death 2.5 hours later. 

106742 Intestinal obstruction, resection of gangrenous bowel. Death 24 hours 
later. 

108433 Intestinal obstruction, operation for volvulus, anuria, albuminuria. 
114688 Intestinal obstruction, operation. Collapse and death on 5th post- 
operative day. 

116017 Intestinal obstruction, colostomy, followed by shock. 

1 17545 Intestinal obstruction, operation. Death 2 days later. 

123485 Intussusception, operation, anuria and albuminuria. Death 7 days later. 
111691 Acute pancreatitis, oliguria, albuminuria. Collapse and death. 

130718 Acute pancreatic necrosis of 2 days’ duration, anuria, albuminuria, 
death, 

133910 Acute pancreatitis, high nonprotein nitrogen, hemoconcentration. Death 
5 days later. 

The findings in these cases were of exactly the same character as 
in shock from trauma and from other causes. The lungs v/ere intensely 
congested and edematous in 7, moderately so in 3. Serous effusions 
were recorded in 7, petechiae in 6. The kidneys were markedly hypere- 
mic in 3, moderately so in 7. The spleen was hyperemic in only 4. 
Parench5anatous degeneration ranging to necrosis was present in the 
liver and in the renal tubules in 6; post-mortem changes in 4 made the 
presence of these changes uncertain. The myocardium showed degen- 
erative changes present in 7, absent in one; in 2 cases sections of heart 
were lacking. 

In 6 cases, surgical relief had been attempted. These might have 
been included appropriately in the first group. They represent shock 
resulting from a combination of factors, including anesthesia, surgical 
trauma, local loss of blood and fluid, and the grave condition of disease 
which made operation necessary. In the remaining 4 instances, the 
disease itself led to circulatory failure and death. It is significant that 
evidences of renal disturbance were seen clinically in several cases; 
in others no laboratory tests were recorded. 
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Misci:r,LANKOi;s 

Under the heading of mi«ccllaneons arc included deaths from various 
causes including anaphylaxis, allergic reactions, and sufidcn death from 
unexplained causes. Sometimes acute infection or poison v-*as shovm 
as the cause of death by post-mortem examinations; such cases are 
not included in this group. Ten representative instances of sudden 
or unexplained death were studied. 

AJ,P. Acces- 
sion Nun: her Condi! iorts 

S6556 Child died in bed; no previous illness, lymphoid hyperplasia sound. 
104029 Shock reaction after injection of nupcrcaine. Dc.ith 1 hour later. 
105156 Received t>phoid and cliolera v.accine, collapse. Death 20 minutes later. 
109249 Sudden death, cause undetermined. 

116783 Typhoid vaccine intravenously, trc.-umcnt for arthritis. Death 23 hours 
later. 

116840 Received typhus vaccine, no immediate reaction. Died during night. 

121120 Shock reaction to diphtheria antitoxin. Death 14 hours later. 

128537 Sudden death, cause undetermined. 

1314S0 Sudden death, c.ause undetermined. 

145523 Sudden death, cause undetermined. 

. In each instance, pulmonary hyperemia and edema were marked; 
petechiae were present in 9; serous effusions were found in 2. The 
kidneys were hj^Deremic in 9, the liver in 7, the spleen in 5. The liver 
and kidneys showed marked degeneration, ranging to necrosis in 7 
cases; post-mortem changes in 3 made degeneration uncertain. 

It is known that the visceral findings after anapl^lactic death in 
man and in some animals often are identical witli those of secondary 
shock. Those dying of trivial or insufficient causes often are shown 
to have a subnormal amount of adrenal cortical tissue. This has been 
suggested as an explanation for status lymphaticus. The adrenals w’ere 
hypoplastic in cases 86556, 105156, 109249, and 145523; in 2 other 
cases no sections of the adrenals were available. Since the adrenal 
cortical hormone is an important factor in the “alarm reaction” 
(Selye'^^), deficiency of it may be a factor in deaths without appar- 
ent adequate cause. 

Renal Pathology 

It has been observed by many authors that shock from diverse 
causes was accompanied by an increase in the nonprotein nitrogen of 
the blood. This was thought by WTiipple, Smith, and Belt to arise 
from two sources: disintegration of the body’s own protein, and defi- 
cient elimination of nitrogenous wastes by the kidneys. 

Evidence of renal effects accumulated as the phenomena of shock 
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were studied, until by 1941 their importance appeared so para- 
mount that they were included among characteristic functional distur- 
bances in a definition of shock.^® That evidence is too extensive for 
detailed review here. It included Bell’s report on “clinical acute 
nephritis” as distinct from glomerulonephritis, the contributions of 
Bordley and Daniels, Leonard, and Holtzman on renal effects of 
transfusions,’ Lambret and Driessens’ studies on physiologic dis- 
turbances accompanying surgical shock, Helwig and Schutz’ and 
Boyce and McFetridge’s reports on uremia associated with so-called 
“liver death,” Christophe’s observations on “acute nephritis” as a 
regular feature of burns, both clinical and experimental, Bywaters’ 
observation on uremia from compression of limbs, and the review of 
Jeghers and Bakst on extrarenal uremia. 

The reported conditions under which acute uremia developed, inde- 
pendent of glomerulonephritis, included intestinal obstruction, toxic 
jaundice, “hepatorenal S3mdrome,” extensive surgery, intestinal per- 
foration, poisoning with phenobarbital, cincophen and other drugs, 
streptococcal cellulitis and other severe infections, diabetic coma and 
other metabolic intoxications, anaphylactic reactions, transfusion with 
incompatible blood, acute pancreatitis, cerebral lesions such as abscess 
or hemorrhage, sublethal shock from trauma as in the “crush sjm- 
drome,” and burns. In many instances it was recognized that the renal 
deficiency was associated with shock. Some found hemoconcentration 
of value in differentiating this type of uremia from other types. 

In the cases summarized here, renal deficiency was prominent when 
a state of sublethal shock had persisted for 2 days or longer. Instances 
of this were seen after accidental trauma; gunshot wounds; extensive 
surgical operations; transfusion reactions; burns; poisoning with 
arsenicals, mercury, barbiturates and with phosphorus; tularemia, 
malaria, and other infections; shock from low atmospheric pressure, 
therapeutic hyperthermia, and from heat stroke, intestinal obstruction, 
and after miscellaneous causes. In many of these instances, neither 
transfusion of blood nor chemotherapy, as with sulfonamide drugs, 
had been employed. 

The pathologic features set forth in previous reports do not differ 
in essential particulars from those described in the groups of cases 
summarized here. Grossly, the kidneys may be of normal size or mod- 
erately enlarged; usually they are soft, indicating edema. The capsule 
often strips with unusual ease; the stellate veins in the cortical surfaces 
are engorged. The color varies, depending upon relative degree of 
congestion and of parenchymatous changes. I^Tien congestion pre- 
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dominates, the color is deep red; degenerative changes produce vary- 
ing degrees of pallor; cloudy swelling usually is mentioned. Red streaks 
are seen in the medulla and the cortical markings frequently are ob- 
scured. Sometimes petcchiac arc described in the parenchyma or in 
Uic pelvic lining. 

The microscopic picture .‘^hov.'s varying degrees of cliangcs within a 
regular pattern. U.sually hyperemia of the glomerular tufts and of the 
intertubular capillaries and venules is conspicuous. Sometimes capil- 
lary hemorrhages are seen. Red streaks in the medulla result from 
patchy dilatation of groups of venules which parallel the straight tu- 
bules. The epithelium of tlie convoluted tubules shows varying degrees 
of acute degeneration. The cytoplasm is granular: more marked degen- 
eration is indicated by vacuolation of the cytoplasm or disintegration 
of the cells. The nuclei may be hyperchromic, hypochromic, or karyo- 
lytic. 

Hyaline droplets in the cytoplasm are seen often when degeneration 
is marked; the lumina may contain globules or masses of tliis deeply 
acidophilic material when the cells containing it have disintegrated. 
Because of their dense staining, these may be mistaken for red blood 
cells or their pigment. Sometimes these changes are more marked in 
the upper segment, sometimes in the lower, but usually all portions of 
the convoluted tubules are affected. Plugs of debris often occur in the 
lumina of the lower segments as such debris, originating in the upper 
portion of the nephron, collects in the narrow lumina of tlie lower por- 
tion. Hyaline, granular, and sometimes pigmented casts, debris, 
erythrocytes, and the nuclei of the degenerated epitlielial ceils are 
usually found in the collecting tubules. Edema is a varying feature 
usually more marked in the niedullatyf than in the cortical zones. 

Two recent reports have dealt witJi renal changes associated with 
shock. Herbut confirmed the sjmdrome of uremia noted by others, 
consisting of oliguria, albuminuria, casts, erytiirocytes and debris in 
the urine, and progressive azotemia. These features developed incident 
to acute or to sublethal shock from diverse causes. Cases were de- 
scribed resulting from transfusion reactions, bile peritonitis, ulcerative 
enteritis, abscess, burns, extensive necrosis of neoplasm, obstructive 
jaundice, sulfonamide therapy, mercuric and arsenical poisoning. The 
gross features of the kidneys were as described above. The micro- 
scopic characteristics were hyperemia and edema of the glomeruli and 
interstitial tissue; severe degeneration ranging to necrosis of the tubu- 
lar epithelium, most marked in proximal portions; granular eosino- 
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pWlic material in the lumina of both proximal and distal portions; and 
various types of casts in the distal and collecting tubules. 

Lucke reported on “lower nephron nephrosis,” based upon records 
and material from numerous cases in the Army Institute of Pathology. 
These represented battle wounds, crushing injuries, abdominal opera- 
tions, burns, transfusion reactions, sulfonamide intoxication (combined 
with infections, trauma, etc.), heat stroke, malaria, various poisons, 
hemolytic anemia, and miscellaneous conditions such as eclampsia, 
pancreatitis, and shock from various causes. Shock and vomiting were 
the two conditions most commonly associated. The clinical manifesta- 
tions were oliguria, dark or bloody urine containing heme pigment, 
albumin and casts, progressive azotemia, hypertension, edema, and 
uremia. The gross features of the kidneys were essentially as given 
above. Microscopically, acute degeneration ranging to necrosis was 
found regularly. This involved chiefly the lower segments of the con- 
voluted tubules. Protein material was present in the capsular spaces. 
The tubular lumina contained pigmented and nonpigmented casts and 
cellular debris. 

These changes were as observed by others except for one particular: 
Lucke found degeneration and necrosis sharply limited to the lower 
portion of the nephron. Others have described such changes in similar 
cases as involving all parts of the convoluted tubules. My own observa- 
tions coincide with the latter findings (Figs. 4, 7, 18, 20, 24, and 25). 

/ 

Summary 

In the cases studied, the pattern of visceral changes characteristic 
of secondary shock was found after death from various forms of acute 
disease. These included the combined effects of trauma, hemorrhages, 
infection, anesthesia, transfusion, and surgery; burns, poisoning with 
various drugs and chemicals, severe infections, anoxia from sundry 
causes, low atmospheric pressure, heat stroke, abdominal emergen- 
cies such as intestinal obstruction and pancreatitis, and sudden death 
from anaphylaxis and other causes. 

The pattern of changes indicative of endothelial damage included 
dilatation and engorgement of capillaries and venules in the thoracic, 
abdominal, and cranial viscera, petechiae in serous and mucous sur- 
faces and within parenchymatous tissues, and edema of soft viscera. 
Two modes of origin are suggested for the acute degeneration ranging 
to necrosis which was seen in the kidneys, liver, and myocardium: 
(1) The same injurious agents which damage endothelium and cause 
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capillary dilatation and pcrmetibilily likewise may cause parenchyma- 
tous degeneration and necrosis; this is seen in the effects of various 
poisons and bacterial products. (2) The same effects resulted from 
uncomplicated anoxia, indicating that endothelial, renal, hepatic, and 
myocardial cells arc dclicatch’’ susceptible to lack of oxygen. It seems 
probable that the parenchymatous changes, found after death from 
shock, result from a combination of these two mechanisms. 

Pulmonary hyperemia and edema occurred in a high percentage of 
cases. When death was delayed 4S hours or longer, the development 
of secondary or terminal pneumonia often occurred. Lvings in which 
the circulation is impaired and the spaces filled with albuminous fluid 
will almost certainly develop secondary pneumonia if neither death 
nor recovery occurs soon.-’ This was exemplified in numerous instances 
when shock persisted for several days in a sublethal degree. 

Some degree of atelectasis was found in almost one-half of the cases. 
No previous comment has been made on this feature; its origin and 
relationship to the mechanism of shock arc not apparent. Hemorrhagic 
infarcts, suggesting embolism, were found in several cases. 

Renal functional deficiency was a prominent feature of sublethal 
shock lasting several daj^s. This was manifested clinically by oliguria, 
albuminuria, hematuria, and by progressive retention of nitrogenous 
wastes sometimes terminating in uremia. The pathologic renal features 
included hyperemia and edema; parenchymatous degeneration and 
necrosis of tubular epithelium, with desquamation into tlie lumina; 
debris; hyaline, granular, and sometimes pigmented casts. These fea- 
tures correspond to the picture of aadc tubular or parenchymatous 
nephritis described by internists and pathologists of the preceding 
generation. 

Hepatic degeneration and necrosis were regular features, but their 
degree and distribution were inconstant. Degeneration tended to be 
diffuse and the degree varied from granular cytoplasm and vesicular 
nuclei to necrosis. Absence of nuclei, pyknosis, and disintegrating cells ' 
were the criteria for necrosis. Frequently this involved only scattered 
groups of cells; when the groups were larger, focal necrosis was seen. 
Occasionally, as after burns, heat stroke, or death from low atmos- 
pheric pressure, extensive necrosis involved the centers of the lobules 
and resembled that produced by poisons. 

Degeneration of the myocardium was less constant than that of the 
kidneys and liver; its degree varied. Often the cross striations were 
obliterated, the substance of the fibers was granular or lumpy rather 
than of uniform density, and the nuclei were swollen or distorted. 
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Apparent liquefaction of the fibers, basophilic staining reaction, or 
marked transverse fragmentation indicated severe degeneration. 

Splenic changes were not consistent; in some instances the spleen 
was enlarged and engorged, in others it was flabby, contracted, and 
ischemic. In a number of sections it was noted that the lymphoid fol- 
licles were small, inconspicuous, and contained few lymphoid cells. 
This apparently did not pertain to any one type of causative condition; 
it was observed in several of the groups. There was no evidence to 
indicate whether its origin is related to shock. The histologic prepara- 
tions did not always include lymph nodes; when present they were 
regularly edematous and occasionally hyperemic. 

Hyperemia, edema, and petechiae often were found in the mucosa 
of the stomach and small bowel. This feature was not regular. Petechial 
hemorrhages in mucous and serous surfaces and in the substance of 
organs were present in the majority of cases. Their highest frequency 
was after poisoning, burns, anoxia, and after heat stroke. This indi- 
cates that lack of oxygen is an important factor in endothelial damage. 

Sections of adrenal were available in about one-half of the cases. 
In the majority of these the cells of the zona fasciculata appeared ab- 
normally vacuolated. In some, the cells were disintegrated and in a 
few instances there was focal necrosis. These observations are in 
accord with those of Selye who emphasized depletion of the a drena l 
cortical cells as a feature of shock. In a few cases of fulminating menin- 
goccal meningitis, the adrenals were diffusely hemorrhagic and almost 
totally necrotic. This was not seen in any instance of shock from other 
causes. 

Other ductless glands were not regularly included among the sections 
available. In several instances the pituitary body was markedly hy- 
peremic and the cells of the anterior lobe appeared degenerated. Occa- 
sionally the th5rroid and thymus were hyperemic. 

This study corroborates the occurrence of secondary shock in other 
conditions than severe trauma, burns, and after extensive surgery. It 
develops in sundry conditions which may cause either capillary atony 
or anoxia. The resulting circulatory effects in the viscera indicate 
widespread capillary damage. The changes varied somewhat in degree 
but the pattern was consistent. 

The parenchymatous effects may be ascribed in part to the injurious 
agent itself, in part to anoxia. The severe effects seen regularly in the 
renal tubular epithelium probably are related to the anuria and other 
evidences of renal functional deficiency which accompany shock. 
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It appears that secondary shock, like other conditions of disease, is 
accompanied by distinctive morpliologic changes which arc related to 
its mechanism of origin and to the associated functional disturbances. 
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DESCRIPTION OF PLATES 


Plate 52 

Fig. I. Army Institute of Pathologj’ accession no. 114945, multiple gxln-shot 
wounds. Lung showing intense capillovcnous hyperemia, edema, capillar>' 
hemorrhages, and slight leukocytic infiltration, X 160. (A.I.P. negative no. 
86843.) 

Fig. 2. From the same case as Figure i. Adrenal cortex showing focal necrosis. 
X 145. (Neg. 89858.) 

Fig. 3. A.I.P. acc. 102060, shock following surgery, death after 4 days. Liver 
showing acute degeneration and necrosis. X 220. (Neg. 89S49.) 

Fig. 4. From the same case as Figure 3. Renal cortc.x showing albuminous matter 
in the capsular space, degeneration and necrosis of tubular epithelium affecting 
both upper and lower segments, and ddbris in the lumina. X 250. (Neg. 
86826.) 

Fig. 5. Renal medulla from the same section as Figure 4. Of note are masses of 
desquamated renal epithelium filling the lumina of the collecting tubules. Many 
contain erythrocytes. X 160. (Neg. 86836.) 
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Plate 52 



Pathology of Secon<iar>'^ Shot 



Fig. 6. A.l.P. ncc. death S Jiours after burn? of the skin. Lunc shoivine 

intense hyperemia, edema, and capilLity- hcmorrhaccs. X 145. (Xeg, bSSig.j 

Fig. 7. A.l.P. acc. 11S506, death S d.iy? after burns, post-mortem interval of i 
hour. Renal cortex showing acute degeneration, necrosis of individual cells, 
casts and debris in lumina, and albuminous matter in capsular space. X 330. 
(Ncg. S6813.) 

Fig. S. Renal medulla from the same section as Figure :. Of note arc hyperemia, 
casts, and debris in the lumina. X 230. (Neg. S6S21.) 

Fig. 9. Liver from the same case as Figure 8. Marked acute degeneration and 
necrosis. X 2S0. (Ncg. S9S50.) 

Fig. 10. From the same case as Figures 3 to 5. Lung showing hyperemia, edema, 
and beginning pneumonia. X 160, (Neg. 868:4.) 
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Px-ATi: 54 

Fig. II. A.I.P. acc. 111925, shock reaction to maph.'irsen. Lunq: .•^howint: hypere- 
mia, edema, and early pneumonia. X 130. (Xcp. v‘'9S55.) 

Fig. 12. From the same case as Figure ii. Renal cortex, showing decencration 
and necrosis of the tubular epithelium, casts, hvpcrcmia, and edema. X I 45 - 
(Neg. 89S56.) 

Fig. 13. From tlie same case as Figures 11 and 12. Renal medulla, showing granu- 
lar and pigmented casts and crj-throcytcs in the lumina. Edema and hyperemia 
are seen also. X 175. (Neg. S6S20.) 

Fig. 14. A.I.P. acc. 1169S0, poisoning with phcnobarbital. Myocardium showng 
degeneration and fragmentation. X 160. (Neg. S9S64.) 

Fig. 15. A.I.P. acc. 118865, fulminating meningitis. Lung showing hyperemia, 
edema, and slight atelectasis. X 120. (Neg. S9S63.) 
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Plate 54 
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Pi.ATn 55 

Fic, i6. A.I.r. acc. 100S95. fliock from low aimospken'c prosurc in experimental 
lest. Intcn.'^c hyperemia, edema, and slhdii leukocytic infiltration .ire .chnv.-n in 
thi.s lunp. X i.? 5 - SfiS.sS. ) 

Fig. 17. From the .<;ame case as Fiinire 16. Liver showing .acute deecneration. 
necrosis of individual cells, and edema. X ;.^o. (Xop. .Sf'S;.?. 1 

Fro. iS. From the .same case ns Fisurcs 16 and 17. Renal cortex showinc low ciiboi- 
dal epithelium, debris and casts in wide lumina, deKoner.ttion and necrosis of 
epithelium, and albuminous matter in capsular sjiace. X ^50. (Xeg. S6S55.) 

Fig. 19. From the same case a.s Figures 16 to iS. Renal medulla. s.amc section as 
Figure iS. Of note arc the granular, amorpiious. pigmented, and epithelial casts. 
No transfusion of blood and no drug tberaiiy had been given. X 150. (Neg. 
S6817.) 

Fig. 20. A.I.P. acc. 12 7451, shock from high-alliludc aviation. Ren.al cortex showing 
marked degeneration and necrosis, desquamation, debris in lumina, and in 
the capsular space. X 2S0. (Neg. S6S12.) 
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I’f.ATt: 5f) 

Fig. 21. A.I.P. acc. i2S.}Ss, intestinal oli.vtrnction and .«ur.i:cry. Lum: shnv.ini: 
hyperemia and edema. X 175. (Nee. S6S.50.) 

Fig. 22. A.I.P. acc. 12S537, sudden death, cause undetermined. Myocardium show- 
inq marked degeneration, fragmentation, necrosi.^. and sliehl edema. X iSc. 
(Ncg. S6S53.) 

Fig, 23. A.I.P. acc, S3172. death from lack of oxygen. Liver showing acute degen- 
eration, early necrosis, and marked edema. X 230. (Neg. S0$ig.'< 

Fig. 24. A.I.P. acc. 111237, lack of oxygen in high-altitude aviation. Renal cortc.x 
showing acute degeneration of epithelium, many pyknotic nuclei, and albumi- 
nous matter in the capsular space. X 300. (Ncg. 86831.) 

Fig. 25. A.I.P. acc. 11342S, heat stroke fatal in 36 hours. Renal cortc.x showing 
c.xtensivc nccro.MS, casts, and debris in the lumina. X 230. (Neg. 86825.) 

Fig. 26. Same section as Figure 25. Renal medulla. Of note are the granular, hya- 
line, amorphous, and pigmented casts. This patient had received no trans- 
fusion of blood nor drug therapy. X 230. (Neg. S6S22.) 
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STUDIES ON THE MECHANISM OF ACTION OF THE NITROGEN AND 

SULFUR MUSTARDS IN VIVO * 

David A. Karnofsky, M.D., Irving Graef, M.D., and Homer W. Smith, Sc.D. 

{From the Departments of Physiology and Pathology, New York University 
College of Medicine, New York i6, N.Y.) 

The biologic actions of the sulfur and nitrogen mustards have been 
reviewed recently,^ and detailed descriptions of the toxicologic and 
pathologic effects of these compounds have been submitted for publica- 
tion.^’^ At LD50 doses, via any route of administration, these com- 
pounds produce a characteristic toxicologic systemic effect consisting 
of anorexia, weight loss, diarrhea, and leukopenia, terminating in death 
3 to 5 days after injection. Clinical and pathologic examinations show 
that lymphopenia appears within 6 to 12 hours after injection and is 
associated with lymphocytic destruction and involution of the l3mph- 
atic tissue, thymus, and spleen. This is followed by progressive de- 
crease in granulocytes to the low level of 200 to 300 cells per cmm. 
within 3 days after injection, associated with aplasia of the bone mar- 
row; and diarrhea beginning 2 days after injection, associated with 
demonstrable desquamative degenerative changes in the intestinal 
mucosa,^ 

This report consists of a series of experiments designed to elucidate 
the mechanism whereby these effects are produced. 


The “Alarm Reaction” and Its Relation to the Lymphocyto- 
Toxic Action of Nitrogen Mustard 


The systemic intoxication produced by the mustard compounds in 
rats resembles in many respects a pattern of organic changes that has 
been termed by Selye ® the “alarm reaction,”! This pattern is alleged 
to follow the subjection of normal rats to a wide variety of unrelated, 
sublethal injurious procedures, e.g., cold, traumatic injury, excessive 
muscular exercise, spinal shock, acute infection, and injections of 
formaldehyde, morphine, atropine, and adrenalin.'' According to Selye s 
description, this reaction consists of “a, rapid decrease in the size 
of the thymus, spleen, lymph glands and liver; disappearance of fat 
tissue; edema formation, especially in the thymus and loose retroperi- 


* This Daner is based in whole on work done for the Office of Saentmc Research and 
Developmenrunder S^RC Contract No. W49-oS7-CWS-ax with New York University. 

admimstratlon of any d„.g adnnnfetered 
in sublethal dosea, unless the spedfic phamtacoloEM 

violent selecUve action on vital centers (heart, respnhtory ^ s,,“ “ 

as a result of this selecUve acBon before any marked general damage occurs. Selye." 


275 



276 


KARNOrSKy, CRAEF, AND SMITH 


toneal connective tissue; accumulation of pleural and peritoneal 
transudate; loss of muscular tone; fall of body temperature; forma’ 
tion of acute erosions in the digestive tract, particularly in the stomacli, 
small intestine and appendix; loss of cortical lipoids and cliromaffm 
substance from the adrenals; anti sometimes hyperemia of the skin, 
exophthalmos, increased lachrymation and salivation. In very severe 
cases, focal necrosis of the liver and dense clouding of the crystalline 
lens may be observed.’' (The italics arc ours and indicate features 
which arc common in animals intoxicated with the mustard compounds.) 
Marked leukocytosis with lymphopenia xisually occurs within 4S hours 
with the “alarm reaction,” but leukopenia develops if the treatment 
is severe.® 

Microscopically, tlie lymphoid tissue in the “alarm reaction” pre- 
sents a picture of massive lymphocytic necrosis and fragmentation with 
contraction of the organ and increase in reticular elements and frequent 
hemorrhages." The adrenal cortex becomes hyperplastic with a loss of 
lipoid granules, while the medulla loses its chromaffin granules and 
vacuoles appear in the periphery of its cells; if tlie “alarm reaction” is 
severe the cells undergo necrosis. Other changes occur in the pancreas, 
the gastric and intestinal mucosa, and the liver. 

Selye postulated tliat tlxe “alarm reaction” is due to a common sub- 
stance released in the body by all varieties of noxious stimuli. In nor- 
mal rats this substance induces adrenal h3’pertrophy and hypersecre- 
tion, which in turn causes involution of the hTOphatic tissue, for in the 
absence of the adrenal glands the “alarm reaction” does not induce 
lymphatic atrophy.® Selye stated that “So far, the only substances 
with which we have been able to cause thymus involution in the adren- 
alectomized rat are cortical e.xtract and estrone.” 

It is to be assumed under Selye’s hjqDOthesis tliat the mustard com- 
pounds, because of their severe and prolonged intoxicating effect, must 
invoke some degree of the “alarm reaction.” It is necessary to demon- 
strate, however, that the specific pathologic effects attributable to the 
mustard compounds are not indirectly due to the “alarm reaction.” In 
the case of the lymphatic tissue, this was shown in adrenalectomized 
rats as follows, 

THE EFFECT OF METHYL-BIS (/?-CHL0R0ETHYL) AMINE HYDROCHLORIDE 
(HN2-HCL)* IN ADRENALECTOMIZED RATS 

Before a definitive experiment could be performed, the toxicity of 
HNz-HCl in adrenalectomized rats was determined. Such rats, ade- 

*HN 2 is the official designation of this nitrogen mustard compound; HNs-HCl is 
the hydrochloride salt. 
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quately maintained on salt, are unduly sensitive to HN2 intoxication 
botli in regard to dosage and to the acceleration of intoxication,* 10 
mg. per kg. of the HCl salt given subcutaneously are fatal in 3 to 6 
hours after injection, whereas most normal rats survive for 72 hours; 
3 psr kg. cause death in 48 to 60 hours, instead of 78 to 100 hours 
for the controls; and i mg. per kg. (34 LDso) is fatal in 3 to 4 days 
whereas controls survive such a dose without difficulty. A dose of 3 
mg. per kg. was used in the experiment reported. 

Methods 

Fifty-six adult female rats, weighing from 150 to 210 gm., were 
offered i per cent saline solution in tap water beginning 24 hours before 
operation and during the course of the experiment. Four groups were 
employed. 

Group /. {8 Sham-operated Control Rats.) The rats were placed 
on limited rations so that they suffered a slight progressive weight loss. 
It is difficult to prepare a control group whose food intake and weight 
loss will parallel that seen after HN2 since changes in fluid balance 
and gastric distention with food complicate the picture in the intoxi- 
cated rat. It was felt, however, that animals on decreased food intake 
for a short period would furnish a more adequate control than normal 
well fed rats. 

Group U. {10 Adrenalectomized Rats.) These were fed ad libitum. 

Group III. {18 Sham-operated Rats Receiving 3 mg. per kg. of, 
SNa-HCl Subcutarieously 24 Hours after Operation.) These animals 
were fed ad libitum. 

Group IV. {20 Adrenalectomized Rats Receiving 3 mg. per kg. of 
HN2-HCI Subcutaneously 24 Hours after Operation.) These animals 
were fed ad libitum. 

Operations were performed under ether anesthesia. Twenty-four 
hours after operation 3 mg. per kg. of .HN2-HC1 in 0.8 cc. of saline 
solution were given to each animal in the appropriate groups. This 
represents an LD99 dose in normal animals, the LDso being r.9 mg. 
per kg. The rats were weighed daily. Sacrifices were performed by 
exsanguination from the abdominal aorta under ether anesthesia. Blood 
counts and smears were taken from the freely flowing aortic blood 
at autopsy. Organs were removed, blotted to free them of blood, and 
weighed to the nearest milligram on a Roller-Smith torsion balance. 
The lungs were weighed in tared beakers and then dried for 18 hours 
at 88 to 90° C. The data on the weight of the organs are insufficient 
to justify corrections for body weight or statistical analysis; only the 
averages and the extreme range of weights for each organ are given. 



Table I 

Effects of 3 mg. per kg. of HNs-HCl MethyUbis (ff-cMoroethyl) Amine Hydrochloride on the Normal 
and Adrenalectomized Rat; Body and Organ Weights at Time of Sacrifice 
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The results are given in Table I and the several observations of inter- 
est are discussed under the appropriate group. 

Results 

Group 1 . The sham-operated control group on a restricted diet lost 
about 8 per cent of their body weight, representing a moderate degree 
of inanition. Necropsy findings were not remarkable. Organ weights 
are tabulated in Table I. 

Group II. Two of the 10 adrenalectomized rats were sacrificed at 
I day, 2 at 2 days, and 6 at 8 days after operation; the organ weights 
of these animals, which were not appreciably different, are averaged 
together in Table I. The rats seemed well during the experiment. On 
I per cent saline drinking water, adrenalectomized animals gained 
10 to 15 gm. in weight immediately after operation because of reten- 
tion of fluid, which they then lost gradually. At sacrifice the thymuses 
and spleens were larger than those of Group II (controls, diet restrict- 
ed). The lungs showed a slight increase in water. The other organs 
were not significantly altered, and no adrenal tissue was found. Leuko- 
cyte counts were normal, and the blood smears, while suggesting an 
increase in lymphoc3rtes, were too few for valid interpretation. 

Group III. Three mg. per kg. of HN2'HC1 given subcutaneously 
produced severe effects in normal rats. At 24 hours the rats had lost 
a little weight and seemed moderately depressed, at 48 hours slight 
diarrhea appeared, and between 48 and 72 hours marked symptomatic 
changes developed. The rats appeared cold, were hunched-up, and 
huddled together. An almost continuous watery diarrhea, which con- 
tained considerable mucus, completely soaked the anal region and 
lower abdomen, and weight loss was marked. Neurologic changes were 
not noted, but the rats became more depressed and inactive. Those 
not sacrificed died between 80 and 102 hours. 

Five rats were sacrificed at 24 hours, 4 at 48 hours, and 8 at 72 
hours. The organ weights were averaged separately for each of these 
groups. At 24 hours the stomach contained a moderate amount of food, 
and in the small intestine small amounts of air and mucus were found. 
One animal had a small hemorrhagic patch in the ileum, and the mesen- 
teric nodes were reddened. The thymus, spleen, and lymph nodes were 
decreased in size, and the adrenals appeared to be larger than is normal. 
The lungs were of normal weight but the fluid content appeared to be 
slightly reduced. The fall in white blood cell count was already marked 
and, although the lymphocytes were most severely depressed, the gran- 
ulocytes had begun to fall also. At 48 hours the stomach was moder- 
ately filled with food, and the fluid in the small intestine appeared 
increased. The lymph nodes were hemorrhagic and those in the ileoce- 
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cal region were markedly so. Tlic spleen and thymus were about half 
of the control weights and the lymph nodes were reduced in size. The 
suggestive increase in adrenal weight was still present. A remarkable 
finding was the sharp fall in the wet weight of the lungs, vdth retention 
of normal dry weight, indicating appro-xirnatcly 30 per cent decrease 
in the water content of the lungs. The average total leukocyte count 
had fallen to 450. At 72 hours, the stomach was distended with con- 
siderable food and fluid, and flie intestines and cecum contained excess 
amounts of fluid, often including mucus. The colon was usually empty, 
but contained almost pure mucus in one animal. Small petechial liemor- 
rhages often -were found in the mc.scnlery and hyperemic areas were 
present in the duodenum and lower ileum, the latter in one rat con- 
taining several deep erosions of the mucosa. Peycr's patches were hem- 
orrhagic and the regional lymph nodes were small and red. The sjilecn, 
Ih^^mus, and lymph nodes were reduced to about 25 to 35 per cent of 
their control size. The increase in adrenal weight was unquestionable, 
and the livers were decreased in weight. The water content of the 
lungs remained decreased, being about 25 per cent of that of control 
group II. 

Group IV. Rats receiving 3 mg. per kg. of HNz-HCI 24 hours after 
adrenalectomy showed a rapid acceleration in the development of 
toxic symptoms. Two animals died within 7 hours. At 24 hours the 
remaining rats appeared very weak, depressed, and had mild watery 
diarrhea; at 48 hours they were either dead or moribund; those re- 
maining were huddled together, cold, moved with difficulty, and all 
died within 60 hours after injection. Diarrhea was moderate and 
weight loss was not marked. Four rats were sacrificed at 24, and 5 rats 
at 48 hours. At 24 hours the stomach was filled largely with fluid, the 
duodenum was slightly congested, and the small intestine greatly dis- 
tended with clear fluid. The entire animal seemed e.xcessively moist, 
and there was free peritoneal and thoracic fluid. The spleen, thymus, 
and lymph nodes were reduced in size, as markedly as those seen in the 
control animals treated with HNz-HCl (group III). The lymph nodes 
seemed slightly hemorrhagic. The water content of the lungs was 
slightly greater than is normal. The average total leukocyte count was 
1,600. At 48 hours the rats were moribund when sacrificed. Their 
stomachs and small intestines were greatl\'’ distended with fluid. The 
walls of the duodenum were reddened and frequently hemorrhagic. 
The mesentery had a few small petechial hemorrhages and the fat had 
a peculiar white, granular appearance. The decrease in weight of the 
thymus and spleen was not much greater than that at 24 hours, and 
the weights of these organs did not differ significantly from those in 
group III. The water content of the lungs was only slightly decreased. 
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The average leukocyte count was 1,070 with 80 per cent lymphocytes; 
this total count was suggestively higher than that seen in group III. 

Microscopic Observations 

In the adrenalectomized rats injected with 3 mg. per kg. of HN2* 
HCl, some intact lymphocytes could be found in the thymus, and gen- 
erally the lymphatic tissue, although containing a diminished number 
of lymphocytes, appeared to be less severely affected than that of nor- 
mal rats given the same dose. In another experiment, adrenalectomized 
rats, receiving 10 mg. per kg. of HNz-HCl and sacrificed 3 to 6 hours 
after injection when they appeared moribund, showed severe l3nnpho- 
C3d:ic fragmentation and chromatin debris in the thymus and lymph 
nodes, but again these effects seemed somewhat less than in the con- 
trols treated with the same dose. It should be noted that although 
X mg. per kg. of HNz-HCl given subcutaneously, a sublethal dose in 
normal rats, is fatal to adrenalectomized rats, the histologic evidence 
of injury to the l3miphoid tissue, bone marrow, and gastrointestinal 
tract is no more marked in the adrenalectomized rats than in the 
controls. 

These experiments demonstrate that methyl-^w (/?-chloroethyl) 
amine hydrochloride can induce lymphocytic destruction and involu- 
tion of the thymus, spleen, and lymph nodes in the absence of the 
adrenal gland. Quantitatively, however, the lymphocytotoxic effect 
seems to be somewhat less severe in adrenalectomized rats than in 
normal ones injected with the same dose. The involution of the lymph- 
atic tissue, therefore, results from a direct action of the nitrogen mus- 
tard, or is mediated by a different mechanism than that occurring in the 
“alarm reaction.” Since, by definition,'" the “alarm reaction” is in- 
volved in nitrogen mustard intoxication, it is possible that this mecha- 
nism may contribute to a slight extent to the lymphatic involution seen 
in rats intoxicated with HN2*HC1. LeBlond and Segal ^ have been 
able to induce involution of the thymus in adrenalectomized rats by 
x-rays, although these effects were quantitatively less severe than those 
seen in normal rats. The nitrogen mustards seem to produce a some- 
what similar effect. 

DEMONSTRATION OF THE DIRECT ACTION OF HN2-HCL INJECTED 
INTRAVENOUSLY, ON THE INTESTINAL TRACT 

It is shown in the following experiment that the intestinal injury 
induced by HN2-HC1 is due to a direct and rapidly completed action 

*It had previously been shown in this laboratory that exclusion of the biliary secre- 
tion in rats did not prevent HNz from inducing characteristic intestinal injury. Since 
one could have anticipated this result from the experiment cited above, the biliary exclu- 
sion experiment is not described in detail. 
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of this compound on the intestinal tract. This demonstration was ac- 
complished by temporarily occluding the circulation to the intestinal 
tract during varying, short periods of time after the intravenous injec- 
tion of the compound, and then observing the nature of the injury 
produced. 

Rats were anesthetized with ether, the abdomen opened, and most 
of the small intestine exteriorized and placed on cotton soaked with 
saline solution. Rubber-sheathed hemostats were placed about 5 cm. 
distal to the pylorus and i cm. proximal to the ileocecal valve, and a 
third hemostat was placed across the root of the mesentery. By this 
ring of hemostats, circulation to the major portion of tlie small intes- 
tine was occluded for 15 minutes. Control rats subjected to this pro- 
cedure suffered no ill effects, and gave no evidence of significant 
histologic damage to the intestinal mucosa. 

Following the application of the clamps, 2 mg. per kg. of PINz-HCI 
(1.6 LDm) was injected into the vena cava, and 15 minutes later the 
clamps were removed. The rats were sacrificed at 60 and 72 hours. 
Grossly and microscopically the small portion of the duodenum and 
ileum outside the occluding clamps showed the characteristic injurj' 
due to the nitrogen mustards,^ whereas the remainder of the small intes- 
tine, which had been surrounded by the clamps, was normal. The 
toxicity of HN2-HC1, however, was not appreciably altered by tliis 
procedure. 

This experiment clearly demonstrated tliat HNz-HCl had a rapidly 
completed, and presumably direct, action on the mucosa of the small 
intestine. 

DEMONSTRATION OF THE DIRECT ACTION OF HN2‘HCL INJECTED 

INTRAVENOUSLY, ON THE BONE MARROW OF THE RAT AND RABBIT 

It is shown in the following experiments that HN2-HC1 has a direct 
and rapidly completed action on the bone marrow. This demonstra- 
tion was accomplished by temporarily occluding the circulation to the 
hind legs during and for varying short periods after the intravenous 
injection of HNz-HCl. 

Rats were anesthetized witli ether, the abdomen opened, and an 
arterial clamp placed on the abdominal aorta and inferior vena cava 
just below the renal vessels. Two mg. per kg. of HN2-HC1 (1.6 LDco) 
were then injected into the vena cava just above the clamp, and the 
clamp removed after intervals var3dng from 5 to 15 minutes. Operated 
controls carried the clamp for 15 minutes without ill effects and with 
no changes in the bone marrow. The rats were sacrificed 72 and 96 
hours after injection. 

At the time of sacrifice, the control rats injected with HN2*HC1 had 
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extreme leukopenia, the leukocyte count being in the range of 50 to 
250 per cmm. with cells usually too few to make a differential count 
significant. Microscopic sections showed the femoral, vertebral, ster- 
nal, and humeral marrow to be aplastic. The rats subjected to tem- 
porary vascular occlusion had leukocyte counts averaging 1700 per 
cmm. at 72 hours and 4,000 per cmm. at, 96 hours after injection, with 
the differential count consisting predominantly of granulocytes. Histo- 
logic study (Figs, i and 2) showed aplastic sternal and humeral mar- 
row, whereas the femoral marrow was extremely cellular and especially 
rich in myeloid elements. The marrow in the lumbar vertebrae below 
the level of the occluded aorta was very cellular, whereas that from 
the upper thoracic vertebrae was aplastic. 

Rabbits were anesthetized with ether and, after suitable preparation 
of the skin, the aorta and vena cava were exposed through a left lateral 
abdominal incision. A rubber-sheathed hemostat was clamped on the 
two vessels during and for times varying for 2 to 15 minutes after the 
injection of 2 to 3 mg. per kg. of HN2-HC1 (around the LD50) into 
an ear vein.* Several complications may result from this procedure. 
If, the clamp is left on too long (15 minutes or longer, usually), a 
gradual paralysis of the hind legs may occur, presumably due to injury 
in the spinal cord, since the legs do not become edematous, cold, or 
gangrenous. A dose of 3 mg. per kg. of HN2-HC1 in the clamped 
animal frequently produces various neurologic manifestations such as 
tremors, ataxia, and convulsions, which in some instances seemed to 
lead to death within a period seen only when two to three times this 
dose is given to the normal rabbit. This would suggest, incidentally, 
that the lower part of the body accounts for a considerable amount of 
the chemical when it is injected into the intact animal. Because of 
these effects, a dose of 2 mg. per kg. with a clamping period of 2 to 5 
minutes is recommended for a relatively uncomplicated preparation. 

This experiment was repeated many times with uniform results in 
protecting the bone marrow of the lower part of the body.t The results 
obtained on 5 representative rabbits are detailed below, and the blood 
counts are shown in Text-Figure i. 

Rabbit i. (A Sham-operated Control.) Rabbit i was given 3 mg. 
per kg. of HN2.HCI intravenously. Diarrhea appeared on the second 
day, weakness was progressive, and death occurred 92 hours after 
injection. The daily leukocyte and differential counts (Text-Fig. i-A) 

*It is possible to produce occlusion of the abdominal aorta and vena cava by inflating 
a blood pressure cuff around the rabbit's abdomen. The use of this simplified technic has 

not been thoroughly investigated as yet. ^ • i. i » 

jp 1*^11 01^ 0xpennients have shown that the reticulocyte count m the ciampcQ 

rabbit injected vntii HN2-HC1 is severely depressed, although active regeneration of 
granulocytcts ^ in progress. In \^ew of the lyrnphocy to toxic action of the nitrogen 
mustards, this observation merits more detailed investigation. 
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were typical for the dose received. Typical pathologic findings were 
noted at autopsy, and there was no evidence of inflammation at the 
operative site. 

Rabbit 2. {Clnvtp Applied on Vena Cava jar 5 Minutes Only, 2 
mg, per kg. Injected.) Rabbit 2 showed weight loss, diarrhea on the 
third da\'‘, and beginning rccov'cry in weight 7 days after injection. The 
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Text-Figure i. ECects of the direct action of nitrogen mustard on the bone marrow 
of the rabbit. A and B illustrate Icukotoxic action of nitrogen mustard at two levels of 
dosage. In C, D, and E the protective effect of clamping the aorta and vena cava for 
varying periods during which similar dosages of nitrogen mustard were injected is 
illustrated 


leukocyte and differential counts are shown in Text-Figure i-B and 
are in accord with our previous observations for this dosage. Nine 
days after injection the rabbit appeared almost completely recovered. 

Rabbit 3. {Clamp Applied on Aorta and Vena Cava for 15 Minutes, 
3 mg. per kg. Injected.) The day following injection, rabbit 3 showed 
generalized neurologic symptoms. The animal was weak and inco- 
ordinate in its movements, and these symptoms were present until 
death. Three days after injection a very severe diarrhea appeared, 
and the rabbit became progressively weaker,, dying 104 hours after 
injection. The leukocyte counts were unprecedented, as shown in 
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Text-Figure i-C. The lymphocyte count fell precipitously and recov- 
ery did not occur. Granulocytes were greatly increased in number, and 
within 24 hours there was an increase in banded cells, polymorphonu- 
clear leukocytes containing basophilic granulations, macropolycytes, 
and occasional myelocytes, this picture persisting until death. Ninety- 
six hours after injection the leukocyte count was 9,000 and the smear 
showed occasional myelocytes and normoblasts, and the differential 
count showed 1 1 per cent banded and 83 per cent segmented pol3mu- 
clear leukocytes, 3 per cent basophils, and 3 per cent lymphocytes. At 
autopsy no gross inflammation was found; the incision appeared to 
be healing, and the intestines, as was expected, were distended with 
fluid. Smears of the bone marrow showed an aplastic humeral marrow 
and a hyperplastic femoral marrow. 

Rabbits 4 and 5. {Clamp Applied for 2 and 10 Mhiutes, Respec- 
tively, and 2 mg. per kg. Injected.) Rabbits 4 and 5 developed the 
usual picture of HN2 intoxication, except for the fall in granulocytes. 
Banded polynuclear leukocytes and pseudo-eosinophilic granulocytes 
with basophilic granulations were present 24 hours after injection and 
persisted during the period of observation. One animal survived, and 
the other died with purulent peritonitis 12 days after injection. The 
total leukocyte and differential counts are shown in Text-Figure i, 
D and E. 

Comment 

These studies demonstrate that the action of HNa-HCl on the cells 
of the bone marrow is a rapidly completed one, probably accomplished 
within less than 2 minutes after injection. This strongly suggests, 
therefore, that this compound has a direct action on the hematopoietic 
cells. It further shows that systemic intoxication does not interfere 
with the process of active granulopoiesis. Also, the data make clear 
that leukopenia, per se, is not essential in the lethal effects of the 
tested compound. 

The availability of a technic whereby the major portion of the 
hematopoietic tissue of the body may be temporarily destroyed, while 
preserving a small area of actively regenerating bone marrow, should 
be of considerable use in other hematologic investigations. 

DEMONSTRATION OF THE DIRECT ACTION OF TRIS (/?-CHL 0 R 0 ETHYL) 
AMINE HYDROCHLORIDE (hN3'HCL),* INJECTED INTRAVENOUSLY, ON 

THE INTESTINAL TRACT 

Clamping experiments on the intestinal tract, similar to those de- 
scribed above with HN2-HC1, were carried out with HN3-HC1 in rats 
and rabbits. HN3 produced effects similar to those reported for HN2, 

* HN3-HC1 is the official designation of the hydrochloride salt of this compound. 
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indicating that the former also has a rapidly completed action on the 
intestinal tract. It is probable that this will be true also in the ease 
of Uic bone marrow. 

DEMONSTRATION OF THE DIRECT ACTION OF BIS (/^-CHEOROETHYL) 

SULFIDE INJECTED INTRAVENOUSLY, ON THE INTESTINAL 

TRACT AND BONE MARROW 

H is poorly soluble and unstable in vraler. Water, dicreforc, was not 
a suitable vehicle for intravenous injection, and solvents, such as pro- 
pylene glycol and thiodiglycol, were used. Tiiis factor seems to have 
complicated a simple interpretation of the results obtained by tlie 
clamping technic. 

Methods and Results 

Rats. It was first shown that by occluding the circulation to the 
small intestine during and for 5 minutes after the intravenous (inferior 
vena cava) injection of 2.5 mg. per kg. of neat H, the clamped portion 
of tlie gut was protected from injury. Similarly, clamping of the ab- 
dominal aorta for 5 minutes during and for 5 minutes after the intra- 
venous injection of i mg. per kg. of H in propylene glycol protected 
the bone marrow distal to the clamp, whereas the bone marrow proxi- 
mal to the clamp was destroyed. These results were in accord with 
those obtained with the nitrogen mustards. 

Needham, Cohen, and Barrett® reported, however, tliat they had 
been unable to obtain protection of the distal bone marrow in tlie rat 
against a dose of 2.0 mg. per kg. of H in thiodigtycol, injected intra- 
venously, by applying a clamp to the abdominal aorta for 60 minutes. 
In order to resolve this discrepancy, S groups of 6 to 12 rats each 
were treated as shown in Table II. The results are summarized briefly 
therein. 

This experiment confirmed both our previous experiment and the 
results obtained by Needham and co-workers.® The protective effect 
of vascular occlusion was found only when a dose of i mg. per kg. of 
mustard in propylene glycol was given. With a higher dose of mustard, 
or with tliiodiglycol as a solvent, the protective effect of temporary 
vascular occlusion was not demonstrated. The explanation of the fail- 
ure to obtain consistent protection of the distal bone marrow in these 
experiments is not apparent. 

Rabbits. Seven rabbits were subjected to the clamping procedure, 
and then injected intravenously with 4.0 mg. per kg. of H in propylene 
glycol (1.5 LDso). In 2 rabbits the mesenteric arterial supply to a 
15 cm. segment of the ileum was occluded during and for 15 minutes 


the official designation of this compound. 
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after the injection, and one rabbit was sacrificed at 72 hours and the 
other at 96 hours. These animals both showed extremely severe injury 
to the spleen, thymus, and bone marrow with terminal leukocyte counts 
of 900 and 350 per cmm., respectively. The portion of the intestinal 
tract subjected to the vascular occlusion was practically completely 
protected, whereas the remaining portion of the small intestine showed 
severe damage. 


Table II 

Protection Afforded the Femoral Bone Marrow of the Rat, by the Temporary Occlusion 
of Its Circidation, Against the Effects of the Intravenous Injection of H in Doses of 
T and 2 mg. per hg. in Propylene Glycol and Thiodiglycol 


Group 

no. 

No, of rats 
in group 

Solvent used 
for injection 

Intravenous 
dose of H 

Duration of 
clamping 

Effects on the 
bone marrow 




fng./kg. 

minutes 


A 

6 

None 

None 

5 

None 

B 

6 

Propylene glycol 

None 

5 

None 

C 1 

12 

Propylene glycol 

I 

5 

Severe leukopenia, but 
the femoral marrow 
was less severely in- 
jured than the sternal 

r> 

i 

6 

1 

i 

Propylene glycol 

2 

5 

Femoral and sternal 
marrow seem to be 
equally severely af- 
fected 

E 

6 

None ^ 

1 

None 

1 20 

None 

F 

6 

Thiodiglycol 

None 

20 

None 

G 

6 

Thiodiglycol 

I 

20 

Femoral and sternal 
marrow seem to be 
equally severely af- 
fected 

H 

6 

Thiodiglycol 

2 

20 

Femoral and sternal 
marrow seem to be 
equally severely af- 
fected 


Five rabbits had clamps applied to both the mesenteric artery and 
abdominal aorta during and for 15 minutes after the injection of H. 
One animal died soon after injection, and an autopsy was not per- 
formed in another dying 75 hours after treatment. Three of the 4 rab- 
bits did not develop leukopenia, and at 72 and 96 hours, at the time 
of sacrifice, their leukocyte counts were 2250, 2850 and 4100 per 
cmm.; the remaining animal had a count of 600 per cmm. Histologic 
examination was performed on 3 rabbits. Again the temporarily 
clamped gut was protected, and the spleen and thymus in these animals 
were severely damaged. The rabbits all had extremely severe injury 
to the sternal, humeral, and upper vertebral bone marrow, whereas 2 
rabbits showed complete and one rabbit (the one with a white count 
of 600 per cmm.) showed partial protection of the femoral bone 
marrow. 
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These experiments show, in general, what is mucli more clearly 
shown in the ease of the nitrogen mustards, namely, that occluding the 
circulation to a given tissue before and for 15 minutes after the intra- 
venous injection of mustard will serve to protect it from the action of 
the agent. 

demonstration that the bacteriostatic effect or iomujit serum 
IS altered by the lNTRA\TiNOUS INJECTION OF HN2* 

The demonstration that HN2'HC1 has a rapidly completed action 
and disappears from the blood shortly after injection makes it neces- 
sary to find a secondary mechanism which is more directly responsible 
for the development of systemic intoxication. A study of alterations 
in tlie circulating blood of intoxicated animals was undertaken, and 
the results have been reported elsewhere in this series.’^ Among vari- 
ous approaches, tlie measurement of bacterial growth in serum as a 
possible method of demonstrating tlie appearance of toxic substances 
in the serum was considered. A simple experiment was performed, and 
this is briefly reported because of the unexpected results obtained. 

Methods and Results 

The growth of type A hemolytic streptococcus (C203) was deter- 
mined in normal rabbit serum and in serum taken at various intervals 
after the intravenous injection of 3 mg. per kg. of HN2*HC1. Blood 
was obtained by cardiac puncture, centrifuged, and tlie serum removed 
and refrigerated. One-tenth cc. of a lo'* dilution of an 18-hour culture 
of washed streptococci was implanted in 0.9 cc. of each sample of 
serum, and colony counts were made at o, 4, 8, and 24 hours after 
incubation. 

The control serum of 4 rabbits, whetlier starved or fed, was bacterio- 
cidal, bacteriostatic, or permitted slight growth of bacteria over the 
period of 8 hours’ incubation. In these same rabbits, 6 samples of 
serum drawn within 6 hours after injection of HN2*HC1 showed very 
little difference from the controls. Following this 6-hour period, and 
until the rabbits died, 3 to 5 days later, the serum became much more 
favorable for the growth of bacteria, and the rate of bacterial growth 
was strikingly accelerated. 

Although the variability of bacterial growth in normal rabbit serum 
prevents any quantitative statement, enhanced bacterial growth of 
hemolytic streptococci occurred consistently in the serum of the intoxi- 
cated animals beginning 6 to 8 hours after the injection of an LDso 

* We wish to thank Dr. Colin MacLeod and Mrs. Edna Stone of the Department of 
Bacteriology, New York University College of Medicine, for assistance in carrjdng out 
this study. 
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dose of HN2-HC1. This observation suggests that some alteration 
occurs in the blood beginning at 6 to 8 hours after injection which 
facilitates the growth of the test bacteria. It was not possible to pursue 
this observation further. 

Summary and Conclusions 

1. Methyl-6/5 (jff-chloroetlayl) amine hydrochloride (HN2.HCI) was 
used as the type substance in this study. Tris (/ 3 -chloroethyl) amine 
hydrochloride (HN3*HC1) and bis (^-chloroethyl) sulfide (H) were 
examined in more limited trials and, in the particulars tested, gave 
essentially the same results as did HN2-HC1. 

2. The “alarm reaction” of Selye must be considered in interpreting 
the toxic effects of any drug. It is shown that only a minor and ques- 
tionable role can be ascribed to this reaction in the production of the 
characteristic pattern of injury to the lymphatic and hematopoietic tis- 
sues and intestinal mucosa resulting, from HN2-HC1 intoxication. Fol- 
lowing the injection of HN2-HC1 in the rat, involution of the lymph- 
atic tissue and l5rmphocytic destruction occur in the absence of the 
adrenal glands. 

3. That the damage to the intestinal tract and bone marrow is a 
rapidly completed and presumably direct action of the agent, and is 
not related to the “alarm reaction,” was shown by the following pro- 
cedures: 

a. By means of occluding the circulation to a portion of the small 
intestine during and for 5 to 15 minutes after the injection of a 
lethal dose of HN2-HC1, that portion was protected from the 
damaging effect of the compound. 

b. By means of occluding the circulation to the lower extremities 
by a clamp on the abdominal aorta and inferior vena cava 
during and for 2 to 15 minutes after the intravenous injection 
of HN2-HC1, granulocytopenia in the peripheral blood was 
prevented, and at autopsy h5q)erplasia of the femoral marrow, 
with aplasia of the rest of the bone marrow in the body, was 
observed. 

4. Beginning 6 hours after the injection of a lethal dose of HN2- 
HCi in the rabbit, the growth of hemolytic streptococci in the serum 
is enhanced. This suggests that an alteration occurs in the blood mail- 
ing it more favorable for the growth of bacteria. 
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DESCRIPTION OF PLATE 


Plate 57 

Fig. I. Photomicrograph of a section of the sternum of a rat given 3.0 mg. per 
kg. of HN2-HC1 intravenoush* and sacrificed 70 hours aftenvard. The sinu- 
soids are more prominent due to engorgement with red blood cells. The 
marrow is represented by fat spaces and cells and reduced numbers of stem cells 
imbedded in a matrix containing protein precipitate. Eosin and azure II stain. 

Fig. 2. Femoral bone marrow of a rat protected from intoxication by HN2HCI 
by clamping the aorta for 10 minutes during and after the intravenous admin- 
istration of 2 mg. per kg. Eosin and azure H stain. 
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Plate. 57 
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HISTOLOGIC STUDIES ON A VIRILIZING TUMOR OF THE 

ADRENAL CORTEX * 


Eugene J. Weber, M.D., and Maud L. Menten, M.D. 

{From the Department of Pathology, Vniversity of Pittsburgh, and Children's Hospital, 

Pittsburgh, Pa.) 

New growths of the adrenal cortex are frequently associated with an 
increased excretion of 17-ketosteroid hormones. Steroid hormones are 
formed normally in the cortical cells through a series of chemical trans- 
formations which parallel cytoplasmic changes, and are elaborated in 
excess by tumors. The neoplasms arise in different age periods, namely, 
fetal, juvenile, and adult. The fetal tumors arise in females and pro- 
duce pseudohermaphrodism. The juvenile tumors have their origin in 
children of either sex and are associated with virilism and the preco- 
cious development of secondary male characteristics. Tumors of the 
adult give rise to heterosexual changes. The studies to be described 
deal with the histologic changes found in an adrenal cortical tumor, 
removed surgically, from a 4-year-old male, who showed advanced 
secondary sex characteristics and an increased urinary excretion of 
17-ketosteroid hormones. 

Reports of 21 authentic cases of virilizing adrenal cortical tumors 
occurring in males between the ages of ii months and 16 years have 
been found in the literature.^"^^ Eight other cases have been record- 
ed^ 22-25 data were insufficient to justify their inclusion among 

the proved cases? The tumor was removed surgically from 9 pa- 
tients with 2 survivals,^®’ and hormone assays were re- 
ported from 5 patients Seventeen of the records included 

brief histologic descriptions except in the report of Goormaghtigh.® 
In a study of the cellular characteristics of adrenal cortical neoplasms, 
Goormaghtigh described in 2, virilizing tumor cells showing trans- 
formation of mitochondria into granules which gradually were con- 
verted into clear droplet-like structures. These droplets, after the 
discharge of their contents into the neighboring lymph channels, re- 
mained as vacuoles. He had previously published a study on the 
chronologic cellular development of the adrenal cortex and later at- 
tempted to correlate the cytologic features of the normal tissue with 
those found in different adrenal cortical tumors. 

Clinical History 

P. M. P., a white male, 3J4 years of age, was admitted to Children’s Hospital 
on March 9, 1945, as a patient of Dr. J. W. Leech. The patient had had a gradu- 
ally enlarging abdomen since birth and a generalized growth of fine hair, but the 

* Received for publication, April 30, 194?. 
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Kilter had not attracted particular attention. He ivas the fir.nt of two children bom 
to .apparently normal parents, and no similar conditions were Imown in any member 
of either f.in)i!y. The f>ast inedic.il history n.is not pertinent. Physical c.rafnin.i- 
Uon revealed a well developed musculature. In the rifthl ujipcr quadrant of the 
abdomen, .1 large mass was felt which extended 5 cm. below the costal margin 
in the mid-clavicular line. This mass showed, roentgenographicaiij’, some fine 
areas of calcification and was tentatively diagnosed as liver. Other physical find- 
ings, c.xcept a moderate tachycardia, were normal. After t wed:, the patient v.ms 
dischargecl to be obserc’cd at home. In May the parents consulted Dr. Joseph 
Stokes, Jr., of Philadelphia who, on the b.i‘;is of pyclographic e.t.iminalion.s, diag- 
nosed the mass ns a tumor of the right adrenal. 

The patient was readmitted on October e, 19.15. At that time a definite increase 
in the growth of the beard and the pubic and axillary hair was noted. TIic geni- 
talia resembled those of a ifi-ycar-old male. Acne had developed over the face and 
neck. The blood pressure was 190/160 mm. Ilg. Tiic right ocular fundus w,is 
swollen and hemorrhagic with an obscured optic disk. Tiic urine and blood cellular 
pictures were normal. The bone age was approximately 4 ycar.s. On October 5, 
an exploratory laparotomy was performed ' by Dr. J. W. Shircr. Tlie liver was 
displaced downward and forward by a large, nodular, encapsulated mass in the 
region of the right adrenal. This mass was separate from the kidney and w.is not 
attached to the diaphragm. No evidence of metastasis w.is seen in the liver, and 
tlie left adrenal .appeared normal in size and shape. On October 5, a steroid assay 
by a modified Zimmermann'-" method on a e-j-hour urine specimen gave a value 
of 14.7 mg. of 17-kclo.slcroid. On October 15, the tumor w.is removed by Dr. 
Shirer through a fl.ink incision, and the patient made a rapid recover}’ with no 
evidence of adrenal cortical insufiicicncy. After operation, the blood pressure fell 
to 90/60 mm. Hg and has remained in this range. On October 17, a 24-hour urine 
specimen gave 5.4 mg. of sodium pregnandiol glucuronidatc on an analysis by the 
Venning, method.”® There was no precipitable free steroid. Tlie patient was dis- 
charged from the hospital on October 2S, 1945. 

On November 14, 1945, the 17-kctostcroid level was 4.8 mg. with a 24-hour 
output of 600 cc. of urine, and on January 2, 1946, a similar low level of 4.7 mg. 
was obtained on a 24-hour output of 274 cc. of urine.* The noiTn.il urinary 17- 
ketosteroid level for a 3j4-year-old male is 5 mg. for 24 hours and for an adult 
male, 30 mg. per 24 hours.”®'®” 


Pathologic Data 

The tumor, which included tlie right adrenal, was an encapsulated, 
nodular mass, measuring 10 by 10 by 7 cm. The blood supply entered 
through a pedicle. The cut surface showed two types of tissue: one, 
which comprised most of the tumor, appeared yellow and fatty with 
many small stellate areas of calcification; and a second, which con- 
sisted of small peripherally located areas, was reddish and relatively 
soft and friable. The tumor was preserved in Jores’ solutions, and 
blocks were fixed in Zenker’s solution, and in equal parts of 95 per 
cent alcohol and 10 per cent formalin. The stains used on fixed tissue 
were hematoxylin and eosin, Masson’s trichrome, ponceau fuchsin and 
aniline blue, iron hematoxylin, and van Gieson’s. Frozen sections were 
stained with sudan IV, osmic acid, and ponceau fuchsin. 

* We are indebted to Dr. H. S. Strickler, Department of Biochemistry, University of 
Pittsburgh School of Medicine, for these analyses. 
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Microscopicallyj the tumor was made up of an anastomosing net- 
work of tissue enclosing vascular channels, architecturally similar to 
the zona reticularis of the normal adrenal cortex. The strands of the 
network were composed of two main types of tissue; one predomi- 
nantly cellular (Fig. i), and the other hyalin-like and relatively acel- 
lular (Fig. 2). Various intermediary stages were found between these 
two types (Fig. 3). The cellular portion ranged from thick double- 
celled strands of polygonal cells (Fig. i) through gradually narrowing 
cords (Figs. 3 and 4) to small, shrunken, degenerated cells with pyk- 
notic nuclei (Figs. 2 and 3). The degenerated forms were the end 
result of progressive secretory changes. In the normal gland, the secre- 
tory phases, which have been designated pre-secretory, secretory, post^ 
secretory, and senescent, occur chronologically and are aligned with 
definite cytologic characteristics. In the tumor studied, comparable 
cytologic patterns, with the exception of the earliest cell type, have 
been established. Eight different cell types were demonstrated. Six 
of the eight types occurred in the cellular portion, and the remaining 
two were senescent cells associated with the hyaline cords. The cells 
and nuclei of the cellular tissue varied in size depending upon the 
phase of activity. The largest cells occurred in the secretory phase. 
The earliest stages of the pre-secretory phase were difficult to find, and 
the parent cells, which originate in the capsule of the normal adrenal, 
could not be identified with certainty. What we believe to be the im- 
mediate successors of the parent cell were found, but in small numbers 
only. This earliest identified cell t3TDe belonged in the pre-secretory 
phase and averaged 10 ^ in diameter. The nuclei, which were occa- 
sionally paired, were relatively large, and the c3U;oplasm was compact, 
homogeneous, and stained diffusely with eosin (Fig. 6a). The next 
development was the formation throughout the cytoplasm of dust-like 
indistinct granules which gave the cytoplasm a finely granular, pink 
appearance when stained with ponceau fuchsin (Fig. 6b). These gran- 
ules form the initial stage in the genesis of the mitochondria. This 
pre-mitochondrial material gradually became segregated as larger, ir- 
regular granules staining black with iron hematoxylin and red with 
ponceau fuchsin (Fig. 6c). These granules, which apparently arose 
through cohesion of the denser components of the C3d:oplasm, gradu- 
ally became more compact and were surrounded by a clear spherical 
zone (Fig. 6d). The four successive cell changes ending with the 
establishment of the discrete granules constituted the pre-secretory 
phase. 

Gradually each distinct, small mitochondrial mass was transformed 
into a large globule, staining red with Sudan IV or ponceau fuchsin. 
This globular formation constituted the secretory phase. The cells of 
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the secretory phase reached approximately 2 5 /x in diameter, and this 
increase in size apparently wiis due to expanding secretory globules. 
The largest globules were found adjacent to the cell v;all bordering 
the vascular channel, and the smaller ones deeper in the cytoplasm 
(Fig. 7a, b, c). The globules were bounded by a more deeply staining, 
thin peripheral layer. When observed with polarized light, some of 
the globules contained, or were intimately associated with, doubly rc- 
fraclile material, obviously cholesterol. In the frozen sections, the 
globules stained magenta red wdth ponceau fuchsin and orange with 
Sudan IV. Witli routine stains, the globules were not discernible, al- 
though in the denser areas of the cytoplasm diffuse, reddish-staining, 
finely granular material was observed. The contents of the globules 
were readily soluble in fat solvents and were not retained williin the 
cell after prolonged fixation (Fig. 5) or after treatment with xj'lol. 
When xylol was applied to frozen sections stained with ponceau fuch- 
sin, the outward diffusion of the reddish contents could be seen readily. 
In some of the frozen sections made from tissue fixed for a relatively 
short time and stained with ponceau fuchsin, masses of homogeneous 
red material, which had either been secreted in vivo or had diffused 
from the contiguously bang cells during fixation, were seen in the 
vascular channels. The latter process seemed to be the more probable. 
Frozen sections made at successive intervals during prolonged fixation 
showed a diminishing capacity of the globular contents to stain. The 
staining capacity was completely lost in tissue after fixation for 4 
months and the secretory cells contained mainly empty vacuoles (Fig. 
5). With the in vivo diffusion of the contents of the secretory globule 
into the blood stream, the secretory phase was ended. The post- 
secretory cell was smaller than that of the previous phase, and cells 
could sometimes be found in which the C3d;oplasm contained empty 
vacuoles with definite boundaries (Fig. 8). 

The senescent phase was characterized eitlier by swelling or shrink- 
ing. Vrhen swelling occurred, the nuclei became enlarged and karyolytic, 
following which the cells appeared fragmented and disappeared (Fig. 
9a). When the nuclei became pyknotic, there was a diminished 03^:0- 
plasm in which fibrils occasionally appeared (Fig. 9b). These fibrils 
stained blue with Masson’s stain or red with eosin and apparently arose 
from the dark-staining walls of the post-secretor}’- vacuoles. These 
fibrils varied in number and thickness, and were associated with the 
developing hyalin. In some of the degenerating cells stained by ]\Ias- 
son’s method, transformation of the cytoplasm into hyalin could be 
followed by variations in color (Fig. 10). The normal reddish-colored 
c3M:oplasm became bluish in patches in which the fibrils were embedded. 
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These blue patches extended and finally filled the entire cell. With 
the conversion of the cytoplasm into hyalin, remnants of the finally 
depleted senescent cells were seen either as a persistent thin network 
of pyknotic nuclei with a minimal amount of cytoplasm bordering the 
vascular channel, or as a conglomeration of cast-off nuclei lying within 
the vessel. These desquamated cells were very evident in sections 
stained with iron hematoxylin. It was difficult to establish whether 
the fibrils arose from the walls of the empty vacuoles or whether the 
degenerating cytoplasm contributed to their formation. The cellular 
changes following secretion were rapid and difficult to follow with cer- 
tainty. The amount of hyalin was in inverse proportion to the quantity 
of residual cytoplasm in the degenerating cellular elements. 

Discussion 

In the adrenal cortex, an orderly progression of cells from the cap- ■ 
sular region through the glomerular and fascicular zones to the zona 
reticularis has been recognized since 1883.^^ Studies concerned with 
this progression were reported by Hoerr,®^ Bachmann,®^ and Wotton 
and Zwemer,^^ all of whom indicated that the primary cell migrated 
through the cortex and during its migration underwent metabolic and 
morphologic changes with final eradication. Goormaghtigh,® Bennett,^® 
and Swinyard have added the minute cytoplasmic changes which 
occur in chronologic order throughout the progression. The cytoplasmic 
transformations are associated with the chemical formation of a pro- 
gressive series of steroid hormones. There is little definite information 
available at present concerning this series, the development of which 
is under investigation by various workers. The cellular changes, which 
have been followed in the tumor studied, roughly duplicate those in 
the normal cortex; however, changes in the normal cortex occur in an 
orderly progression, divisible into anatomic zones, but those in the 
tumor, although they are represented by similar cell types, do not occur 
in an orderly architectural fashion. 

Our most interesting observations deal with the fatty secretory 
globules, which stain with ponceau fuchsin and are identical with those 
described by Broster and Vines with this stain. These authors 
believed that the positive staining reaction was a definite indication of 
the presence of a male steroid hormone, a postulate which has not 
been substantiated by other workers to date. The material contained 
in the globules is readily soluble in fat solvents and is dissolved from 
the cell in any technic requiring paraffin embedding. The only pro- 
cedures which gave positive globular staining in our hands were those 
carried out on frozen sections. Such material staining with ponceau 
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fuchsin is not only readily soluble in xylol but also soluble, although 
in less degree, in aqueous solution. It is interesting that frozen sec- 
tions, made from the tumor material shortly after placing in Jores’ 
solution II, contained globules filled with deeply-staining material. 
After some weeks of immersion in Jores’ solution there was a marked 
reduction in stainable material in the cells. The rapid outvrard diffu- 
sion of the stained contents of the globules w’hen placed in suitable 
solvents demonstrated the lability of the contents and explained the 
formation of tlic vacuoles. The presence of vacuoles with a lack of 
stainable content in the carcinoma of the adrenal cortex studied by 
Goormaghtigli is probably explained by the diffusion of the globular 
content during preservation and fixation. Attempts by us at histo- 
chemical demonstration of androstcrone in silu were not successful 
because, first, the amounts In the tissue were decreased by diffusion, 
and, second, the reagents used drastically altered the tissue. Proof of 
tlie elaboration of male sex hormones by tlie tumor is indicated by 
the functional and anatomic changes induced by the tumor and their 
disappearance on removal of the new’ grow’th. 

The recent work of Mason and Kepler*'’® demonstrates that in a 
majority of the virilizing tumors of the adrenal cortex, tlie predominat- 
ing urinary hormone is dehydro-iso-androsterone with a small amount 
of androsterone. The presence of dehydro-iso-androsterone in large 
amounts in urine is practically diagnostic of virilizing adrenal cortical 
tumors. The association of cholesterol with the material staining with 
ponceau fuchsin suggests cholesterol as a basic substance, which by 
oxidation gives rise in the adrenal cortex to a series of adrenal steroids 
numbering at least 30.®® 

Summary 

In a virilizing adrenal cortical tumor removed from a boy, 3 years 
old, a progressive series of cells were identified which paralleled in 
morphologic sequence and associated secretory changes a comparable 
series of cells occurring in tlie normal gland. The secretion, wdiicli was 
associated with the formation of hormones, could be demonstrated 
histologically with ponceau fuchsin and Sudan IV and was removed 
from the cell by fat solvents. 
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Pjcate 58 

Fig. I. Islands of secretory' cells surrounded by endothelium-lined sinuses which 
contain red blood cells, X 700. 

Fig. 2, Hyaline cords containing remnants of a few degenerating nuclei and many 
extruded senescent cells in different stages of degeneration bordering the 
sinuses. X 700, 

Fig, 3. Gradual degradation of secretory cells into hyalin. Cells in the secretory 
phase are showm in the upper third of the section. In the central part the 
cells are in the process of post-secretory degeneration. The cells in the lower 
third are undergoing hyalinization. X 225. 

Fig. 4. Early stage in the degeneration of secretory cells. X 700. 

Fig, 5. Vacuoles in tissue from which the secretory contents have diffused during 
a fixation period of 4 months. X 225. 
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Plate 59 

Fig. 6a, b, c, d. Photographs of camera lucida drawings showing the progressive 
development of granules in the pre-sccrelor>- phase. >C iSoo. 

Fig. 7a, b, c. Photographs of camera lucida drawincs of cells in the sccrctorj* 
phase showing (a) secret or>' globules in cytoplasm bordering vascular channel, 
(b) globules immediately before expulsion of contents, (c) extrusion of globu- 
lar contents into sinus. Globules stain magenta red with ponceau fuchsin 
stain. X 1800. 

Fig. 8. Photograph of camera lucida drawing showing vacuoles in a po5t-sccretor>' 
cell after contents have been secreted into a blood sinus. X iSoo. 

Fig. oa, b. Photograph of camera lucida drawing of senescent cells showing (a) 
fragmentation of cytoplasm and karyolysis of nucleus, (b) shrinking of cyto- 
plasm and pyknosis of nucleus. X iSoo. 

Fig. 10. Photograph of camera lucida drawing showing the formation of hyalin 
in the cytoplasm of two senescent cells bordering a sinus. Tlic homogeneous 
cytoplasm (stained red in section) is being converted into fibrils (stained 
blue in section) . Masson’s stain. X iSoo. 
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TUMORS OF THE CAROTID BODY=*> 

Philip M. LeCompte, M.D.t 

{From the Laboratories of the New England Deaconess Hospital and the Harvard 

Cancer Commission, Boston, Mass.) 

Tumors arising in the carotid body or glomus caroticum have been 
called by many names, including perithelioma, endothelioma, angioma, 
chromaffinoma, adenoma, paraganglioma, pheochromocytoma, and 
S3Tiipathoblastoma. The variety of names reflects the current confu- 
sion regarding the development, structure, and function of the carotid 
body. Accordingly, a consideration of some of the contemporary ideas 
on these subjects is in order. 


Embryology 

The carotid body was regarded by Kohn as being derived from 
cells of the sympathetic nervous system and from the same anlage as the 
sympathetic ganglia. This concept has dominated the field until recent 
times, when considerable doubt has been cast upon it. 

Smith regarded the carotid body as a complex of elements which 
become associated during the developmental history of the third meso- 
dermal arch. She indicated that mesodermal cells and neural elements 
from the glossopharyngeal, vagus, and sympathetic nerves might all 
participate. Boyd^ emphasized a mesodermal condensation related 
to the third branchial arch artery and indicated his belief that these 
cells persist to form a considerable portion of the essential cells of the 
adult structure. He acknowledged also contributions from glosso- 
pharyngeal, vagus, and sympathetic nerves, but felt that these were of 
secondary importance. 

The possibility that a few sympathetic cells are included in these 
bodies cannot be denied, especially since, as noted by Hollinshead,^^ 
the difficulties of following wandering embryonic cells in the region 
of the branchial arches are considerable. It seems probable, however, 
that even if migratory elements from the S5anpathetic ganglia are in- 
cluded in the carotid body, their role is a minor one.^’^^’^^ 

Anatomy 

Grossly, the carotid body is a soft, but tough, ovoid, pale tan, rather 
poorly defined mass measuring about 5 by 3 by 2 mm. It is situated 
usually a little medial to and behind the bifurcation of the common 

♦Received for publication, May 12, 1947. 
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airolid artery, being rather firmly bound to the vessels by loose fibrous 
tissue. 

jMicroscopically, the tissue may be arranged in more or less distinct 
lobules (c.g., cow, man) or in a compact mass (cat). The essential or 
“specific” cells arc arranged in whorls or clusters (called “Zcllballen” 
by ICohn "'■) which are completely surrounderl by a supporting stroma 
exceedingly rich in capillaries (Figs, i and 2). This fundamental and 
characteristic structure is brought out clearly by silver impregnation 
of the reticulum (Fig. 3). The cells making up these clusters arc round 
or polyhedral, resembling cpitlielium, with round or slightly oval nuclei 
containing fine chromatin particles. Their cytoplasm is abundant and 
may appear granular, vacuolated or reticular, depending in part upon 
fixation and technic. Cell boundaries arc usually distinct, and there 
appears to be no good evidence that they ever form a syncytium. The 
presence of ganglion cells has been seriously questioned by Hol- 
linshead."^ 

The supporting stroma consists of fine collagenous and reticular 
fibers with innumerable capillaries. The endothelial cells of the latter 
are so large and numerous tliat some may appear to lie outside of the 
capillary lining (the so-called “perithelial” cells). Some of tliem are 
perhaps homologous with the “neuro-myo-arterial” cells of the cutane- 
ous glomus. 

In specially prepared sections, numerous nerve fibers are found. 
Thus, the principal constituent elements of the carotid body may be 
considered to be the “chief” or epithelioid cells making up the cell 
clusters, and the neural and endothelial elements (tlie latter perhaps 
including “perithelial” cells). 

The Chro7naffin Reaction 

Much of the confusion regarding the nature of the carotid body 
and the histogenesis of its tumors arises from the use of the so-called 
chromaffin reaction. This refers to a yellowish brown color assumed 
by certain cells after fixation in fluids containing chromium salts. The 
prototype of this reaction is seen in the cells of the adrenal medulla, 
where the material taking the brown color is regarded as a precursor 
of epinephrine. Other cells giving the reaction are found in association 
with sympathetic ganglia, particularly in the abdomen. 

Kohn laid particular emphasis on the presence of the chromaffin 
reaction in some cells of the carotid body in various animals and re- 
garded this as important evidence for his assumption of a S3Tnpathetic 
origin for the specific cells. Cells not giving the chromaffin reaction 
, were regarded as of sympathetic origin nonetheless. Smith and 
Boyd ^ found the chromaffin reaction to be present in a portion of the 
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cells of the carotid body in certain species {e.g., cow, pig), but absent 
in others (e.g., rat, man). DeCastro,'^’® in a careful study, questioned 
the existence of a true chromaffin reaction in the carotid body and 
stated that the apparent reaction was due to the presence of lipoid 
substances in the cells. This conclusion was largely confirmed by 
Hollinshead,^^ who, however, felt that the cytoplasmic granules were 
not lipoid in nature, but might be mitochondria. 

The chromaffin reaction has been clearly shown to be nonspecific. 
Indeed, the word “chromaffin” is a misnomer, since various oxidizing 
agents other than chromium salts will give the reaction.^^ Further- 
more, organic substances other than epinephrine will form brown com- 
pounds when oxidized, e.g., hydroquinone, resorcinol, aniline, various 
aldehydes and ketones, polyphenols, and polyamines.^ 

Innervation 

The innervation of the adrenal medulla, with which Kohn^® sup- 
posed the carotid body to be homologous, is motor and predominantly 
preganglionic. The carotid body, on the other hand, receives chiefly 
sensory nerves from the glossopharyngeal nerve.’’^ 

Function 

The carotid body is sometimes referred to as a gland of internal 
secretion or as having no known function.^^ The suggestion of De- 
Castro ® that it is a chemoreceptor apparently has received abundant 
confirmation in the work of Heymans and Bouckaert,^® of Schmidt 
and Comroe,^^ and of Dripps and Comroe,^ who have shown that it 
and the similar cardio-aortic bodies are sensitive to changes in the pH, 
and in the carbon dioxide and oxygen tensions of the circulating blood, 
and that under certain conditions they may be of major importance 
in the regulation of respiration. It is also noteworthy that extracts of 
the carotid body have not been shown to contain epinephrine.® 

Classification of the Carotid Body 

Kohn’s classification of the carotid body with the “paraganglia” 
has had great influence down to the present day. Apparently he used the 
term to apply to collections of tissue associated developmentally with 
the sympathetic ganglia and homologous with the adrenal medulla. As 
noted by Hollinsheadfi^ if this classification is to be acceptable for the 
carotid body, the latter should be shown to be similar to the adrenal 
medulla in development, structure, innervation, and function. How- 
ever, as outlined above, the two structures appear to differ on all these 
counts. Similar observations apply to the aortic bodies or cardio-aortic 
bodies,®’®®’®’’ and it seems extremely doubtful that either they or the 
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carotid body should be included v/ith the paraganglia. The propriety 
of regarding the carotid body as an arlcrio%'enous anastomosis’'' or 
“glomus” is also questionable, since Hollinshead has shown that it 
differs in vascular arrangement, innervation, and cytologic features 
from the glomus coccygcum, which presumably does represent a spe- 
cialized arteriovenous anastomosis. It appears, therefore, that the caro- 
tid body, together wnth the similar cardio-aortic bodies, should be 
classified as a specialized chemorcccptor and not as a gland of internal 
secretion, paraganglion, or arteriovenous glomus. 

Tumors 

The present report is based upon 17 tumors taken from Oie files of 
tlie New England Deaconess Hospital and the Laboratory of Pathology 
of the Harvard Cancer Commission.* Without exception, they w'cre 
removed surgically from the region of the bifurcation of the common 
carotid artery. In one case, only tissue taken for biopsy was available. 

Gross Appearance 

Weights were not recorded for most of the tumors. Three weighed 
28, 50, and 60 gm., respectively. Measurements varied from 3 by 3 by 2 
to 5 by 4 by 3 cm. In most cases the shape was globular or ovoid, a 
groove for tlie carotid artery sometimes being present if the artery had 
not actually been resected. In cases in which it was necessary to 
remove a segment of the artery, the neoplastic tissue was found to be 
closely adherent to the w^all of -the vessel. A well defined capsule usually 
was present. The color was recorded as pinkish gray to reddish brown. 
The tissue was usually firm and homogeneous. 

Microscopic Features 

Microscopically, most of the tumors showed a tendency to mimic 
the structure of the normal carotid body. The usual pattern was one 
of nests of the “chief” or epithelioid cells, fairly uniform in size, and 
surrounded by a vascular stroma similar to that of tlie normal organ. 
There was usually more variation in size and shape of the cells than 
in the normal gland. Mitotic figures were not observed. Generally 
speaking, the cell clusters of the tumors were larger tlian those of the 
normal organ (Figs. 4 and 5), and the supporting stroma was less 
cellular. The general pattern is best brought out by silver impregna- 
tion of the reticulum (Figs. 6 and 9). 

For descriptive purposes, it was found possible to subdivide the 
tumors into three groups. The first, or usual type, included most of 

* The clinical aspects of iS of these cases have been reported separately by Labey 
and Warren.^® 
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the cases (12 tumors) and is the variety in which there is more or less 
faithful reproduction of the normal structure (Figs. 4, 5, 7, and 8). 
The second, or adenoma-like t3^e (2 tumors), shows a pattern in 
which the chief cells have a pronounced epithelial appearance, with 
rounded or polyhedral shape, abundant cytoplasm, and arrangement 
in sheets or rows (Figs. 10 and ii). This appears to be the type 
referred to as adenoma by some authors.^^ In this type the reticulum 
is scanty. The third type may be called angioma-like (2 tumors). 
Here the cells are largely spindle-shaped or crescentic and apparently 
closely related to capillaries (Figs. 12 and 13). 

In spite of these variations, however, the fundamental pattern ap- 
peared to be the same. The structural unit consisted of a group, of 
variable size, of the chief or epithelioid cells, surrounded by a more 
or less abundant vascular stroma. Most of the variations in micro- 
scopic appearance of the tumors seemed to be produced by differences 
in the shape of the chief cells. This in turn was apparently influenced 
to no small degree by such factors as clamping and squeezing the tissue 
during surgical removal, the time elapsing between removal and fixa- 
tion, and the t3q)e of fixative. In many instances, more or less flattened 
or spindle-shaped cells were found in part of a tumor, while in better 
preserved fields the cells were plump and rounded. The mechanical 
factors involved in the growth of a well encapsulated tumor in an en- 
vironment naturally restricted by dense fascial planes may also be 
considered as influencing the shape of the cells. 

Most striking was the persistence of the general pattern of the 
reticulum in the majority of cases (Figs. 6, g, and 13). Although the 
number of fibers and the size of the cell groups which they surrounded 
varied, the basic arrangement remained the same. 

The Chromaffin Reaction 

The C5rtoplasm of the chief cells was, in varying degrees, granular, 
vacuolated, or reticulated. Stains for fat and glycogen in several in- 
stances were negative. Vacuolation was often most marked in poorly 
fixed specimens. In many cases attempts were made to bring out a 
“chromaffin” reaction in the cells. In those cases in which fresh tissue 
was available, the technics described by Bennett ^ were used, such as 
fixation in formol-dichromate solution followed by mordanting for sev- 
eral daj^s in 3 per cent potassium dichromate, and in some cases by 
“intensification” in Fontana’s ammoniacal silver solution. I^flien only 
fixed tissue was available, paraffin sections cut from formalin-fixed 
blocks were mordanted on the slide in 3 per cent solution of potas- 
sium dichromate, as recommended by Lison.^- 

In almost all instances, tissue treated with dichromate solution had 
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a faint yellowish color wlien compared with untreated tissue. How- 
ever, this was never as striking ns the color developed liy the adrenal 
medulla under similar circumstances. Also the color of the neoplastic 
tissue was generally not more intense than lh;it shown by sections of 
various other organs (c.g., liver, heart, Itidney) treated in the same 
way. No convincing evidence of a true chromaffm reaction could be 
found. The nonspecificity of the reaction has been commented upon 
above. 

jor Epinephrine 

Assays * for epinephrine were carried out on 2 of the tumors. In 
each case the fresh tissue was frozen solid within 2 or 3 hours after 
surgical removal and kept in that slate until the assay was performed. 
This was done by extracting the tissue with o.oi N hydrochloric acid 
and comparing the effect of this extract with a known solution of 
epinephrine. Tests were done on the blood pressure of the spinal cat 
and on the isolated strip of ileum of the rabbit. The first tumor (no. 
76947) showed an activity equivalent to less than 8 y of epinephrine 
per gm. of tissue, i.c., a negligible amount. The second (no. S7076) 
was found to have an epinephrine-like action corresponding to about 
0.4 mg. per gm. on the basis of blood pressure tests and 0.25 mg. on 
the basis of the test with the strip of ileum. The cause of tlie discrep- 
ancy between the two tumors was not apparent. Further tests on the 
second tumor, however, indicated that the pressor substance in ques- 
tion was probably not epinephrine. 

Nerve Endings 

An abundance of nerve endings has been demonstrated in the normal 
carotid body.”'® Apparently, nerve endings are absent in the tumors, 
although few attempts have been made to demonstrate tliem.® In one 
case in the series here reported, fresh tissue was fixed in 25 per cent 
chloral hydrate and impregnated according to one of the metliods of 
DeCastro.t In one of several sections a few ill defined club-shaped 
structures were seen, but no definitely recognizable nerve fibers or 
nerve endings. 

Evidence of Malignancy 

None of the tumors showed evidence of malignancy. As noted above, 
practically all of the tumors were described as well encapsulated and 
as having a fairly smooth surface. Although many of the tumors were 
intimately adherent to the carotid arteries, no definite invasion of sur- 

* I am grateful to Drs. Otto Krayer, Ralph Brauer, and Harriet M. Maling of the 
Department of Pharmacology of the Harvard Medical School for these assays. 

1 1 am indebted to Dr, James Goddard for advice concerning this technic. 
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rounding structures was recorded in any case. In 5 cases, lymph nodes, 
varying in number from i to 6, were removed with the tumor mass. 
None showed microscopic evidence of invasion by neoplastic cells. No 
evidence of distant metastasis was present in any case. 

Mitotic figures were not seen in any of the tumors. In 8 of 17 cases 
there was fairly marked variation in nuclear size (Fig. 14), with occa- 
sional giant forms. 

Discussion 

The ideas of Kohn on the origin, structure, and function of the 
-carotid body have dominated almost ail discussion of the organ down 
to the present day. The important work of Hollinshead,^®"^^ outlined 
briefly above, has been overlooked by even the more recent writers on 
carotid body tumors, with the notable exception of Bloom.^ The physi- 
ologic evidence provided by Heymans and Bouckaert and Schmidt 
and Comroe has likewise not been emphasized. It seems clear from 
the work of these investigators that the carotid body is a chemorecep- 
tor, not a gland of internal secretion; that its embryologic origin, while 
not entirely established, is probably not primarily from sympathetic 
elements; that it probably does not give a true chromaffin reaction, 
at least in man; that its innervation is primarily sensory; and that it 
does not secrete epinephrine. 

There would appear, likewise, to be no satisfactory evidence that 
the tumors of the carotid body are derived from tissue of sympathetic 
origin. They resemble only superficially the pheochromocytomas of 
the adrenal medulla, and do not resemble at all the neuroblastomas 
of S3nnpathetic origin.* Efforts to demonstrate the chromaffin reaction 
have been scanty and unconvincing. Most writers have been limited 
to formalin-fixed tissue and have regarded it as unsuitable for bring- 
ing out the chromaffin reaction, although in fact it is not.^" Painstak- 
ing attempts like those of Bloom ^ (who failed to demonstrate the 
reaction) have been the exception rather than the rule. Likewise, ef- 
forts to demonstrate epinephrine by bio-assay or by chemical methods 
have met uniformly with failure, although a substance having a de- 
pressor effect on the blood pressure has been found and in one of the 
tumors here reported a pressor substance of unknown nature was en- 
countered (see above). 

As for nomenclature, it would appear, in the light of available evi- 
dence, that terms such as “chromaffinoma,” “paraganglioma,”^'^ 
and “adenoma” are of doubtful propriety. The question whether 

♦The report by Cragg<= of a carotid body tumor occurring rimultancouily T.-ith 
tumors of the organs of Zuckerkandl is of great interest but can hardly be regarded as 
providing much eridence regarding the nature of carotid body tumors. 
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tliese tumors arc to be regarded as hamartomas is raised by Kaufmann 
and Ruppanner,"'’ and dismissed by the same authors because of the 
failure of investigators to demonstrate nerve enflings in the tumors. 
The evidence in favor of the term “perithelioma” is discussed by 
Ewing.^® However, the desirability of referring to the constituent cells 
as occurring “around blood vessels” when actually it is the blood ves- 
sels which surround nests of the “chief” cells, is open to question. As 
noted above, these cells probably may assume a spindle-like or flattened 
form resembling endotlielium because of mechanical factors. Certainly 
they may, and do, take on a globular epithelium-like appearance in 
many instances. Also, the cmbryologic evidence is not in favor of an 
origin of these cells from endothelium or from adventitial cells in the 
walls of blood vessels.^ The stroma of these tumors is admittedly ex- 
ceedingly vascular, but, even in the “angiomatous” type described 
above, there seems to be no good reason for regarding it as essentially 
neoplastic or as differing in any important qualitative %vay from the 
stroma of oUier tumors. On the whole, it would appear that, unless 
the “chief” cells of the carotid body can be shov/n to be of the same 
nature as the “pericytes” of Zimmermann ■*" and Stout,''’'”'* the name 
“perithelioma” is of doubtful value. The suggestion of Bloom that 
these tumors be designated by the noncommittal term “carotid body 
tumor” seems to be sound.’’’ 

Evidence of malignancy was, as noted above, singularly absent in 
tlie present series. Most of the tumors were well encapsulated, with- 
out evidence of invasion of adjacent structures, and none of the l}unph 
nodes removed showed any tumor.t 

It appears that the incidence of malignancy in these tumors may 
be overemphasized in the literature. I disagree vigorously with the 
thesis that 50 per cent of tliese tumors may be classified as malignant 
on histologic grounds.^"^ ^^^bile it is true that considerable variation in 
nuclear size, with tlie presence of giant forms, may occur (Fig. 14) > 
such nuclear changes may be seen in other notabl}'' benign tumors, e.g., 

* Tumors of the homologous aortic bodies have not been reported in man, but Bloom ® 
described two instances in dogs resembling the carotid body tumors of man. Following 
the report of Rosenwasser of a tumor of carotid body type in the middle car pre- 
sumably arising from the ‘'glomus jugularc,” two other cases have been reported.-^* 
These tumors may cause extensive destruction of the mastoid bone and petrous ridge.-^* 
and one has apparently involved lymph nodes/® 

t The only histologically malignant tumor of possible carotid body origin that I have 
seen is one sent by Dr, Paul Brindley of the. University of Texas. It is a highly ana- 
plastic sarcoma involving the region of the carotid bifurcation and, although its location 
is compatible with origin from the carotid body, the cells are so poorly differentiated 
that definite conclusions concerning histogenesis are impossible. In some fields multi- 
nucleated giant cells suggestive of myosarcoma arc seen. As noted above, middle ear 
tumors of carotid body type may be at least locally invasive. 
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paratliyroid adenomas. Mitotic figures are certainly the exception rather 
than the rule, and this is borne out by the frequency of prolonged clini- 
cal duration (up to 15 years in the present series). 

Not a single case of visceral metastasis has been reported. (The 
case of Gilford and Davis does not seem acceptable because of the 
lack of adequate illustrations.) The possible cerebral metastases re- 
corded by Harrington et al}^ are extremely questionable in the absence 
of autopsy evidence, and in view of the notoriously high incidence of 
cerebral sequelae following ligation or damage to the carotid arteries. 
Histologic evidence is notably lacking also in many cases in which the 
tumor is said to have recurred locally or to have extended up^Yard to 
the base of the brain. The rate of postoperative recurrence is stated 
variously, being usually very low, but in some reviews fairly high.®® 

It is stated repeatedly in the literature that metastases to regional 
l3miph nodes may occurr^^When, however, one attempts to find specific 
instances, the extreme rarity of metastasis becomes apparent. In an 
extensive, although not exhaustive, search of the literature, I was able 
to find only 2 cases of histologically verified metastases in lymph 
nodes. In at least one of these,^® the involved nodes were described as 
adjacent to the lower pole of the tumor and as being “finfiltriert,” ap- 
parently by direct extension. 

The operative mortality is extremely high (about 30 per cent in the 
present series as well as others), due to the frequent necessity of ligat- 
ing the carotid arteries in order to remove the tumor. In view of the 
clinically benign course of most of these tumors and the remarkable 
absence of symptoms in almost all cases, it would seem inadvisable to 
attempt surgical removal if it is necessary to ligate the carotids (admit- 
tedly it is sometimes impossible to gauge the feasibility of removal 
without ligation until the operation has progressed to such a point that 
it must be completed). The warning of Bevan and McCarthy® would 
seem to be still valid: 

“With this evidence [about 30% operative mortality], we wish to present the 
conclusion that in the future neoplasms of the carotid body should not be removed 
when it is necessary to ligate the carotid arteries in order to complete the opera- 
tion. If the common carotid and the internal carotid can be saved by careful 
dissection, done best under local anaesthesia, the removal of a benign tumor of 
the carotid gland would be justified. If the surgeon had definite and satisfactory 
evidence that the tumor was malignant, the huge 30 per cent mortality involved 
in the ligation of the carotid arteries might be accepted in order to save the patient 
from death and from malignant disease.” 

I would add that such “definite and satisfactory” evidence of malig- 
nancy is rarely available at the time of operation, or, indeed, subse- 
quently. 
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SUMMAPy 

1. According to present evidence, the carotid body is a chcmorecep- 
tor, not a gland of internal secretion, and not part of the “chromaffin 
system.” 

2. In a scries of 17 tumors of the carotid body no true chromaffin 
reaction was demonstrated, and no evidence for tlic secretion of epi- 
nephrine was obtained in assay of the fresh tissue in tv.*o instances. 

3. Tumors of the carotid body c.xhibit a basic pattern of nests of 
“diief” cells surrounded by a more or less vascular stroma. Depending 
on tlie relative amounts of “chief” cells and stroma, they may be de- 
scribed as “usual,” “adenoma-like,” or “angioma-like.” 

4. Use of the non-committal term “carotid body tumor” is preferred 
to other names generally used. 

5. The great majority of tliesc tumors are both histologically and 
clinically benign. In view of the high operative mortality it is doubt- 
ful whetlier tliey should be removed in those cases in whicli ligation 
of the carotid arteries is necessary. 

I am indebted to Drs. Shields Warren and Olive Gates for their interest and 
for making available the material on which this paper is based. 
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DESCRIPTION OF PLATES 


Plate Co 

Fig, I. Normal carotid body. Phosphotungslic acid hematoxylin stain. X 400. 

Fig. 2. Normal carotid body. In this instance the cells arc better preserv'ed and 
plumper than in Figure i. Hemato.xylin and eosin stain. X 400. 

Fig. 3. Normal carotid body. The cell nests or “Zcllballen” are dearly brought 
out. Same carotid body as used for Figure 2, Wilder’s silver impregnation 
for reticulum. X 300. 

Fig. 4. Carotid body tumor. The “usual” pattern, representing a slight exaggera- 
tion of the normal structure, with larger cell dusters. Phosphotungstic add 
hematoxylin stain. X 400. 
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Plati: fu 

Fig. 5. Another e.xamplc of iho ■■uMinl” type. Pho.'photiiiu’.'tic .snd hein.Tto.xyh'j, 
stain. X 400. 

Fig. 6. The characteristic reticulum pattern of a carotid body tumor. Same case 
as used for Figure 5. Foot-Uiclschow.'ihy .^tain. .X ^oo. 

Fig. 7. A variant of the “u.cual" pattern with somewhat .^mailer cel! nest.<. Some 
of the dark material in the .stroma is hemosiderin. Pho.spholung.stic acid 
hemaloxA’lin stain. X 400. 

Fig. 8. Another variant of the ‘'usual" pattern. Kather poor preservation of the 
chief cells, with a tendency to elongated shape, perhaps an artifact due to 
compression. Phosphotungstic acid hematoxylin stain. X 400. 
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Pl-ATK 62 

Fig. 9. Reticulum pattern of the tumor ,<ho\vn in Fiuurc S. The .':iroma i> 5ome- 
what more abundant than usual. Wilder's silver imprepnation. X 300. 

Fig. 10. The “adenoma-like” pattern. The chief cells have a strikincly epithelial 
appearance, but the arranpement of the “Zcllballen'' is maintained. Hema- 
to.x}-lin and eosin stain. X 400. 

Fig. II. A variant of the “adenoma-like'’ lyp^-’- Ihc chief cells are arranced in 
large sheets. Phosphotunpstic acid hematoxylin stain. X 400. 

Fig. 12. The “angioma-like” pattern. Here the chief cells arc ovoid or spindle- 
shaped, and capillaries are numerous. Eosin and methylene blue stain. X 400. 

Fig. 13. Silver impregnation (Wilder) of the tumor shown in Figure 12. showing 
that the fundamental structure is maintained, despite the angiomatous appe.ir- 
ance. X 300. 

Fig. 14. A tumor showing unusually marked variation in nuclear size, with one 
giant form. Hematoxylin and eosin stain. X 400. 
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PARACOCCIDIOIDAL GRANULOMATOSIS 
Cardiac Localization in a Case of Generalized Form * 

L. DA CUNHA MoTTA, M.D. 

- (From the Faculdade de Medicina da Universidade de Sao Paulo, 

Sdo Paulo, Brazil) 

Moore ^ stated that “the term blastomycosis in its medical interpre- 
tation has come to denote a more or less definite clinical syndrome with 
a multiplicity of causative agents.” However, by reserving the use of 
the term “blastomycosis” for those mycoses caused by yeast-like cells 
reproducing in the tissues by budding or gemmation, a great advance 
would be attained. As Moore said, t3rpical blastomycoses are the in- 
fections caused by fungi of the genera Zymonema, Paracoccidioides, 
and Cryptococcus. 

In a broad sense, there is a certain geographic distribution of varie- 
ties of the disease, justifying the designations “North American blas- 
tomycosis” (caused by the Blastomyces or Zymonema dermatitidis) , 
“European blastomycosis” {Cryptococcus neojormans — Torula histo- 
lytica), and “South American blastomycosis” {Paracoccidioides bra- 
siliensis). However, each of these denominations should be reserved 
for the prevalent or endemic form of the disease in a particular region, 
without excluding the possibility of the existence of rare, sporadic cases 
of the other varieties of blastomycosis. 

In Brazil, as well as in other South American countries, the preva- 
lent form of blastomycosis is the disease of Lutz-Splendore-Almeida, 
produced by the Paracoccidioides brasiliensis (Splendore), established 
by Almeida in 1930. Lutz ^ (1908) was the first to identify the disease 
in Brazil, and in the same year Carini ® reported the second case, with 
the same localization of lesions as in the case of Lutz. In 1909, Splen- 
dore started a series of publications on the mycosis of Lutz, and con- 
sidered^ (1912) the causative agent as of the genus Z5mionema (De 
Beurmann and Gaugerot), species brasiliensis, n.sp. 

From then until 1929, there followed a period of incomprehensible 
disagreement among research workers, during which the chief ten- 
dency was to attempt to identify Brazilian blastomycosis with North 
Am p.rir.an coccidioidal granuloma. That tendency is the more surpris- 
ing when it is considered that Lutz and Splendore described the fungus 
as reproducing in the tissues by budding. As a matter of fact, in 
Lutz’s first reference the disease was classified as a “pseudococcid- 
ioidal” mycosis, differing therefore from the coccidioidal granuloma 

* Received for publication, March 26, 1947. 
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described by Rixford and Gilchrist^ in the United States in 1896, the 
agent of which reproduces characteristically by endosporulation. 

The chief works that have contributed to the confusion arc as fol- 
lows: Vianna” stated that he always found parasites multiplying by 
endosporulation, and only rarely by budding. Carini ' described the 
reproduction of the fungus as being by budding, not endosporulation, 
and yet concluded inexplicably that the parasite is Uie Cocddioidcs 
hnviUh, Pedroso ^ was of the opinion that the fungus reproduces by 
endosporulation, and classified it as Cocddioidcs mmitis. Habcrfeld° 
wrote an interesting paper denying peremptorily reproduction by bud- 
ding for tlic agent of Brazilian blastomycosis; he supported the view 
that its only form of reproduction is endosporulation, and classified 
the fungus nsZymoficvm Jiistosporocclhdaris. Finally, Fonseca and 
Area Leao studied one case of Brazilian blastomycosis and described 
the reproduction of the fungus as being exclusively by endogenous 
sporulation, the spores being liberated through small openings in the 
membrane, but continuing to be attached to the mother cell for some 
time by a protoplasmatic filament. They concluded, tlierefore, that the 
fungus is identical to Cocddioidcs ivimitis, found by Rixford and Gil- 
christ in the United States. 

In 1927, Souza Campos and Almeida were the first to make a 
comparative study of Brazilian and North American blastomycoses, 
having had 12 cases of tlie former and 2 of the latter variety; they 
were then able to draw conclusions as to their diversity. Proceeding 
in that comparative study, Almeida^- established in 1929 that the 
causative agent of Brazilian blastomycosis is a new species of the 
genus Coccidioides. In 1930, Almeida finally was able to establish 
a new genus — Paracoccidioides — for that organism, based on abundant 
material and experimental work, separating it definitely from the genus 
Coccidioides. 

Coming to Brazil to study Almeida’s new genus, Moore ^ not only 
confirmed those findings but also described two new species, Paracoc- 
cidioides cerebrijormis and P. tenuis. 

From the clinical point of view as well as from that of pathogeny, 
there are fundamental differences between the North and the South 
American blastomycoses. According to Conant and co-authors, in 
the North American variety the prevalent localizations are in the skin, 
lungs, and bones, the lesions being of the suppurative or granulomatous 
type. The organisms enter the skin or the respiratory mucous mem- 
brane. In the Brazilian form, primary cutaneous lesions are excep- 
tional, if existent at all; they usually represent foci of secondary dis- 
semination.^® In almost all cases, the fungus penetrates the bucco- 
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pharyngeal mucous membrane/® giving rise to painful infiltrative ulcer- 
ations, with the papillomatous or vegetative aspect of stomatitis ulcer- 
osa moriformis (mulberry-like) in the gums, floor of the mouth, 
lips, cheeks, soft palate, uvula, and palatine arches, with occasional 
extension to pharynx and larynx. The tonsils are usually involved 
primarily or secondarily with the lesions either visible or not at the 
surface; the latter circumstance explains some rare cases of cervical 
paracoccidioidal adenopathy with no apparent lesion in the bucco- 
pharynx. 

The primary lesions are followed by a rapid lymphatic dissemination 
with involvement of the cervical l3miph nodes. These are gradually 
enlarged, and the lymphadenitis may evolve to softening and fistuliza- 
tion, or to fibrosis and induration.^^ This l5mphatic dissemination may 
progress to other groups of lymph nodes, namely, the supraclavicular 
or axillary. This form, with involvement of integument and secondary 
regional l3mphatic dissemination, constitutes the lymphaticotegumental 
form. * In the great majority of cases these lymphaticotegumental 
manifestations represent an evolutive phase of the infection, which 
tends to become systemic by spreading through the blood stream. This 
may happen after 3 to 18 months, with the development of visceral 
and cutaneous lesions accompanied by polyadenopathy, leading to 
cachexia and death. 

In the systemic form of visceral generalization any organ may be 
involved, the more frequently affected being the spleen,^® liver, intes- 
tines,^® pancreas, and lungs since these lesions are accompanied by 
intense involvement of the regional l5miph nodes, this is said to be the 
l3miphaticovisceral form. 

Finally, in the terminal stages of the infection the lesions are multi- 
plied through lymphatic and hemal dissemination, constituting the 
mixed forms, in which the disease spreads to the whole body, and may 
affect any organ. 

Report of Case 

AUTOPSY FINDINGS 

Autopsy was performed upon the body of a 38-year-oid Japanese 
(height, 151 cm.; weight, 42 kg.) in an advanced state of cache.xia, who 
had had no medical assistance. 

The face showed an extensive ulceration of die skin covered by a 
mudd}^ crust; similar smaller lesions were found in the left eyebro-.v, 
lobule' of the right ear, lateral aspects of tlie neck, supraclavicular 
fossae, axillae, inguinal regions, and thiglis. The phaiynx, epiglottis. 


♦Tcguraenlal b- here ufcd in ib broad ?cn5e, that 1-. “pcrtajnina to 
both cutaneous and mucosal. 
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and larynx showed multiple irroifular ulcerations of various si;^es. The 
tonsils were extensively destroyed. The lungs .showed multiple hard 
whitish areas, especially in the inferior lobes. liydrothorax (500 cc.) 
and pleural adhesions were found on the left side. Mncro.scopically, 
the heart seemed normal. The abdominal cavity contained about 600 
cc. of a turbid serofibrinous exudate, the intc.stinal loops being covered 
by deposited fibrin. Several yellowish, hard, miliary nodule.s v/erc 
found in the liver, as well as in the spleen and cortical .substance of 
the kidneys. No lesions were observed in the pancreas. The lymph 
nodes showed lesions varying in size and consistence, but mostly soft 
caseous areas. The microscopic study of smears of this material re- 
vealed the paracoccidioidal fungus in large numbers. 

Anatomic Diagnoses. Serofibrinous peritonitis; paracoccidioidal 
granulomatosis of the tonsils, pharynx, epiglottis, ]arynx, lungs, liver, 
spleen, kidne3>’s, lymph nodes, and skin. 

Microscopic Findings 

Myocardium. Slide i (Fig. i). Inside a mj'ocardial fiber there were 
a large number of young paracoccidioidal fungi, each measuring 5 to 
6 fx, in diameter. This conglomerate of small parasites occupied a 
large part of the length of the muscle fiber and completeh’’ destroyed 
its structure. There was no evidence of adjacent inflammatorj^ reac- 
tion. In another field (Fig. 2), tliere was a single adult fungus inside 
a muscle fiber, tlie structure of which was destro3’'ed. Again, no inflam- 
matory reaction was noted in the vicinity. 

Slide 2 (Fig. 3). A nodular, poorly*- limited area was seen in a bundle 
of muscle fibers, where the structure w’as altered by the partial de- 
struction of the fibers. The central zone of this area showed a paracoc- 
cidioidal fungus in multiple gemmation surrounded by a characteristic 
marginal crown of spores. Among the tissue debris and around the 
organism there was a cellular reaction represented by some mononu- 
clear lymphocytoid cells and a few polymorphonuclear leukocytes. This 
is a later stage of the process seen in slide i, showing a tendency 
towards the formation of a nodule of reaction. 

Slide 3 (Fig. 4) showed a rarefied, oval, well circumscribed area of 
destroyed muscle fibers, in which there was some amorphous debris 
of the fibers and two adult parasites, together with a nodular con- 
glomerate of epithelioid cells, a few lymphocytes, and some poly- 
morphonuclear leukocytes. There were no giant cells. 

Slide 4 (Fig. 5) showed an advanced stage of the process. The lesion 
in the muscle bundle appeared as a rarefied, well circumscribed area 
of destroyed muscle fibers, in the debris of which there were free 
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parasites. The area showed also a cellular proliferation represented 
mainly by histiocytes together with elongated cells having fusiform 
or oval nuclei, that is, with the characteristics of fibroblasts. There 
were a few lymphocytes, chiefly at the periphery of the area, but no 
giant cells. 

Slide 5 (Fig. 6). There were two adult fungi, close together, in the 
interstitial tissue between two muscle bundles. In close contact with 
the capsule of the parasites there were several elongated nuclei, and 
in their immediate vicinity there was a moderate cellular reaction rep- 
resented by l3nnphocytoid elements and a few fibroblasts. 

Epicardium. In the epicardium two cellular nodules were found con- 
taining fungi and formed by a reactionary proliferation of histioc3rtic 
mononuclear cells and small lymphoplasmacytic elements. In one of 
the nodules, around the parasite, a poorly limited acidophilic mass was 
seen containing four small adjoining nuclei, suggesting the formation 
of a giant cell. Both nodules were deeply situated in the serosa, close 
to the myocardium. In the lumen of an epicardial vessel (Fig. 7), sev- 
eral paracoccidioidal fungi were seen free in the circulating blood; one 
of these was in the process of reproduction. 

Lungs. The lungs showed nodular structures in the alveolar walls, 
projecting to various degrees into the lumina of the alveoli. The struc- 
tures were constituted by a proliferation of histiocytes, one or more 
giant cells, lymphocytes, and plasmacytes. As a rule, the nodules con- 
tained large numbers of parasites, the majority of which were phago- 
cytized; many of them were in reproduction. Close by, in the inter- 
stitial tissue, there was a similar granuloma at the side of a vessel. In 
other fields the alveolar lumina were free, while the walls were thick- 
ened by a marked dilatation of the congested capillaries. In neighbor- 
ing areas the alveolar lumina were occupied by a homogeneous aci- 
dophilic substance containing erythrocytes and large, rounded mononu- 
clear cells. In this massive zone, some irregularly distributed alveolar 
lumina contained a cellular conglomerate of large epithelioid cells 
together with -one or more multinucleated giant cells phagocytizing 
parasites, some of which were in reproduction. 

Lymph Nodes. The normal structure of the lymph nodes was pro- 
foundly altered. There were extensive irregular areas, isolated or con- 
fluent, formed by poorly stained debris of disintegrated tissue, contain- 
ing a large quantity of free parasites, some of which were in reproduc- 
tion. There remained only a few small conglomerates of lymphocytes 
and lymphadenoid tissue, mostly at the periphery of the node, where 
small granulomas were found containing parasites included in giant 
cells and histiocytes. 
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Liver. Numerous well circiimscril)e(l granulomas of various sizes 
were tlisseminalecl throughout the liver. They consisted of epithelioid 
histiocyte.s, a few lymphocytes, and, in most cases, one or more giant 
cells phagocytizing fungi, the majority of which were in reproduction. 
Some of the granulomas .showed an incipient fibro.sis, revealed by nuclei 
of fibroblasts found at the periphery or inside the nodule. The gran- 
ulomas were localized both inside the hepatic lobulc.s and in the stroma 
of the spaces of Kicrnan. 

Spleen. The focal lesions of the spleen were found both in the 
lymphatic nodules and splenic pulp. Most of the malpighian bodies 
showed variable disorganization in their constitutive elements, which 
rvere dissociated by nodular granulomatous proliferations. The hi.stio- 
cytic reaction in the red pulp wms extensive, and included giant cells 
with phagocytized fungi as well as numerous plasmacytes and a fair 
number of eosinophils. 

Pancreas. The structure of the pancreas was preserved, including 
the islands of Langerhans. There was a slight increase in the intersti- 
tial connective tissue. A few nodular granulomas were found in the 
lobules (Fig. 8), showing a slight histiocytic reaction and some giant 
cells phagocytizing parasites. 

Kidneys. Lesions were found both in the cortical and medullary 
substance of the kidneys. Several intact glomeruli showed a small 
number of free parasites in the lumina of the capillary loops. In Figure 
9 an organism is seen entering the afferent arteriole. ’Wlien the number 
of parasites was high, the glomeruli showed varying degrees of necrosis, 
due to direct toxic action of the fungi; when tliat number •was low, 
the glomeruli remained intact, and no periglomerular reaction was 
seen (Fig. lo). In the damaged glomeruli Bowman’s capsule was par- 
tially destroyed and there developed a periglomerular reaction with 
numerous lymphocytes, some neutrophils, and mononuclear cells. This 
exudate sometimes included a parasite which had migrated through the 
ruptured. Bowman’s capsule (Figs, ii and 12). The lumina of the con- 
voluted and straight tubules showed varying numbers of parasites. 
When their number was low, there was no reaction in the vicinity; but 
when fungi were numerous (sometimes they filled the tubular lumen) 
the wall might be destroyed, and there was an adjacent inflammatory 
reaction similar to the one observed around the damaged glomeruli 
(elimination form). 

The preparations also showed disseminated areas of variable size, 
mostly in the cortical substance where the normal structure was re- 
placed by a granulomatous tissue, representing a more advanced stage 
of the process. They consisted of a proliferation of histiocytes, numer- 
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ous giant cells with phagocytized parasites, lymphocytes, plasmacytes, 
and some eosinophils, found mostly in the peripheral zone of the lesion. 
In some of these areas the -core was occupied by densely packed neu- 
trophils, the majority of them degenerated, while in other lesions the 
central portion was invaded by fibroblasts. 

Skin. The skin showed two distinct lesions. One was localized in the 
dermis, extending out to the papillary layer, and consisted of two 
juxtaposed nodular areas. These areas showed a dense conglomerate 
of parasites destroying the pre-existing structures, surrounded by a 
coat of parvicellular elements, predominantly plasmacytes. Many of 
these cells showed regressive alterations of their nuclei, mostly pyk- 
nosis. The adjacent vessels and glands were densely infiltrated, mostly 
by plasmacytes. The covering epidermis showed no alterations. 

The other lesion was more extensive. It was situated in the dermis 
and expanded secondarily to the epidermis. In the deeper coat it was 
similar to the first lesion. In the epidermis, the basal and spinous strata 
were destroyed, while the stratum corneum showed a marked parakera- 
tosis and invasion of paracoccidioidal fungi, neutrophils and, at the 
surface, colonies of bacteria. The neutrophils extended secondarily to 
the dermis, chiefly to the papillary layer. 

Diagnosis 

Paracoccidioidal myocarditis, pericarditis, bronchopneumonia and 
interstitial pneumonitis, l3miphadenitis (gummatous form), hepatic 
granulomatosis (nodular form), splenic granulomatosis (nodular and 
disseminate forms) , pancreatic granulomatosis, hematogenic nephritis, 
and dermatitis with secondary ulceration. 

Discussion 

The case described presents a condition of acute paracoccidioidal 
sepsis, as a terminal stage of a paracoccidioidal granulomatosis. As far 
as could be ascertained, this is the first demonstration in histologic 
sections of the reproduction of paracoccidioidal fungi in the circulat- 
ing blood. Besides the consequent localization of the organisms in 
several organs, as far as is known this is also the first report of cardiac 
lesions caused by this fungus. 

In this case, the dissemination to the heart was hematogenic. Initially, 
the parasites may enter the myocardial fibers or the interfascicular con- 
nective tissue. In the former localization the parasite was found in 
the adult stage, as well as in its small, young forms. In both localiza- 
tions there is a profound structural alteration of the muscle fiber, with 
destruction. of myofibrils through compression or toxic action of the 
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parasites. This stage shows, as yet, no local inflammatory reaction to 
the presence of the organisms, ns they arc still inside tlie fiber and do 
not activate the adjacent tissues. To tin's initial direct lesion of regres- 
sive character there is added the destruction of the muscle fiber and 
liberation of organisms and debris in the interstitial tissues, where they 
give rise to a local reaction. This initiates the appearance of lymph- 
ocytoid cells and a few neutrophils. 

In subsequent stages, mononuclear and histiocytic cells of epithelioid 
aspect appear and predominate; tlieir local conglomeration constitutes 
the granulomatous nodule, which usually contains parasites. In some 
granulomas, a marginal fibroblastic proliferation develops, indicating 
tlie tendency to sclerosis of the lesion. The death of the patient pos- 
sibly interrupted the progress of the process to the later stages that 
sometimes have been found in other organs of other patients. 

The interstitial and cpicardial lesions develop in a like manner. 

The renal lesions reached a higher development than the ones just 
referred to. The dissemination to tlie kidney is also hematogenic, as 
is well evidenced in Figure 9, where the parasite is entering the glo- 
merulus through an afferent arteriole. In the glomeruli, the fungi 
induce regressive lesions and necrosis of varying portions of the capil- 
lary loops, or even total destruction of the glomerulus. The lesion of 
the Bowman’s capsule opens the way to an active periglomerular inter- 
stitial reaction. The periglomerulitis consists of a dense conglomera- 
tion of lymphocytes, monocytes, and neutrophils. Through the destruc- 
tion of glomerular capillaries the fungi enter Bowman’s space and are 
drained to the renal tubules, where they give rise to new foci, thus 
characterizing the form of elimination of hematogenic nephritis. 

All of the multiple lesions found in the different organs show the 
characteristics of an acute hematogenic dissemination, including the 
cutaneous lesions, which arose in the dermis. 

Summary 

A case of paracoccidioidal granulomatosis (Brazilian blastomj’^cosis) 
is reported, terminating in an acute paracoccidioidal sepsis. 

The findings may be summarized as follows: 

1. Paracoccidioides brasiliensis was found reproducing in the circu- 
lating blood. 

2. Specific myocardial and epicardial lesions are reported for the 
first time. 

3. The renal lesions are of the hematogenic focal nephritic type. 

4. The multiple lesions found in several organs, including the skin, 
demonstrate the acute hematogenic dissemination of the infection. 



PARACOCCIDIOIDAL GRANULOMATOSIS 


331 


REFERENCES 

1. Moore, M. Blastomycosis, coccidioidal granuloma and paracoccidioidal granu- 

loma. Arch. Derniat. & Syph., 1938, 38, 163-igo. 

2. Lutz, A. Uma mycose pseudococcidica localisada na bocca e observada no 

Brasil. Contribuigao ao conhecimento das biphoblastomycoses americanas. 
Brasil-med., 1908, 22, 1 21-124; 141-144. 

3. Carini, A. Um caso de blastoniycose, com localisagao primitiva na mucosa 

da bocca. Rev. med. e cir. de Sdo Paulo, 1908, 3, 120— 122. 

4. Splendore, A. Zymonematosi con localizzazione nella cavita della bocca, 

osservata in Brasile. Bidl. Soc. path, exot., 1912, 5, 313— 319. 

5. Rixford, E., and Gilchrist, T. C. Two cases of protozoan (coccidioidal) infec- 

tion of the skin and other organs. Johns Hopkins Eosp. Rep., 1896, i, 
209-265. 

6. Vianna, G. 0 . Doenga de Posadas-Wernicke nas lesoes apendiculares. Arch. 

brasil. de vied., 1914, 4, 446-474. 

7. Carini, A. Un cas de blastomycose peritoneale a Coccidiodes immitis. Bull. 

Soc. path, exot., 1915, 8, 712-715. 

8. Pedroso, A. M. Algunas consideragoes sobre Coccidiodes immitis. An. paulist 

de med. e cir., 1919, 10, 193-203. 

9. Haberfeld, W. Granuloma ganglionar maligno de origem blastomycetica 

(Zymonema histosporocellnlaris) . Sao Paulo, 1919. 

10. Fonseca, 0 ., and Area Leao, A. E. Sur de granulome coccidioidal. Formes 

d’evolution du parasite dans les tissus, dans le pus des ganglions lymph- 
atiques et dans les cultures. Position systematique du Coccidioides immitis. 
Compt. rend. Soc. de biol., 1928, g8, 619-621. 

11. Souza Campos, E., and Almeida, F. Contribuigao para 0 estudo das “blas- 

tomycoses” (granulomas coccidioides) observadas em Sao Paulo. Ann. 
Fac. de med. da Univ. de S. Paido, 1927, 2, 203-220. 

12. Almeida, F. Estudo comparativo do granuloma coccidioidico nos Estados 

Unidos e no Brasil. Ann. Fac. de med. da Univ. de S. Paulo, 1929, 4, 91-98. 

13. Almeida, F. Estudos comparatives do granuloma coccidioidico nos Estados 

Unidos e no Brasil. Novo genero para 0 parasite brasileiro. Ann. Fac. de 
med. da Univ. de S. Paulo, 1930, 5, 1 25-141. 

14. Conant, N. F., Martin, D. S., Smith, D. T., Baker, R. D., and Calla- 

way, J. L. Manual of Clinical Mycology. W. B. Saunders Co., Philadelphia 
& London, 1945, 348 pp. 

15. Cunha Motta, L., and Aguiar Pupo, J. Granulomatose paracoccidioidica 

(“blastomycose brasileira”) . II. Lesoes cutaneas. Ann. Fac. de med. da 
Univ. de S. Paulo, 1936, 12, 407-426. 

16. Cunha Motta, L. Granulomatose paracoccidioidica (“blastomycose brasileira”). 

Ann. Fac. de med. da Uiiiv. de S. Paido, 1937, i3> 239-268. 

17. Cunha Motta, L. Granulomatose paracoccidioidica ("blastomycose brasileira”). 

I. Ganglios linphaticos. Ann. Fac. de vied, da Univ. de S. Paulo, 1935, ii, 
293-309. 

18. Cunha Motta, L. Granulomatose paracoccidioidica (“blastomycose brasileira”). 

Bago. Ann. Fac. de vied, da Univ. de S. Paulo, 1938, 14, 333 - 367 - 

19. Cunha Motta, L. Granulomatose paracoccidioidica (“blastomycose brasileira”). 

VI. Intestine. Ann. Fac. de vied, da Univ. de S. Paulo, 1945, 21, 205-225. 

20. Cunha Motta, L. Granulomatose paracoccidioidica (“blastomycose brasileira”). 

V. Puhnao. Ann. Fac. de med. da Univ. de S. Paulo, 1942, 18, 145-159. 


[ Illustrations folloiv ] 



DESCRIPTION OF PLATES 


Plate 63 

Fig. I. Young paracoccidioidal fungi inside a myocardial fiber. Hcraatox>’b'n and 
cosin stain. X 950. 

Fig. 2. Adult fungus inside a myocardial fiber. Hematoxylin and cosin stain. 
X 750 . 

Fig. 3. Early nodular reaction around a paracoccidioidal organism in multiple 
gemmation, in the myocardium. Hematoxylin and cosin stain. X 75°- 

Fig. 4. Nodular area of reaction containing two adult parasites, and showang 
destruction of the myocardial fibers, epithelioid cells, Ivanphocytes, and some 
polymorphonuclear leukocytes. Hematoxjdin and cosin stain. X 75°. 
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Plate G4 

Fig. 5. Advanced stage of the process in a muscle bundle, showing destruction of 
myocardial fibers, free parasites, histiocytes, and initial proliferation of fibro- 
blasts. Hematoxylin and eosin stain. X 450. 

Fig. 6. Two adult parasites in the interstitial tissue of the myocardium. Hema- 
toxylin and eosin stain. X 450. 

Fig. 7. Paracoccidioides in reproduction, free in the circulating blood of an cpi- 
cardial vessel. Hemato.xylin and eosin stain. X 950. 

Fig. 8. Granuloma in the pancreas, containing a parasite in reproduction. Hema- 
toxylin and eosin stain. X 185. 
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Plate 65 

Fig. 9. Paracoccidioides free in Ihc blood of an afferent glomerular arteriole. Hema- 
toxylin and eosin stain. X 500. 

Fig. 10. Single parasite in a glomerulus. No pcriglomerular reaction is seen. Hema- 
toxylin and eosin stain. X 500. 

Figs, ii and 12. Glomerulus with numerous parasites, showing rupture of Bow- 
man's capsule with pcriglomerular reaction. In the exudate there are also 
parasites migrating through the ruptured Bowman's capsule. Hematoxylin 
and eosin stain. X 230. 
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SYSTEMIC NORTH AMERICAN BLASTOMYCOSIS 
Report of a Case with Cultural Studies of the Etiologic Agent 
AND Observations on the Effect of Streptomycin and Penicillin 

IN Vitro * 

M. L. Ph.D., Eugene H. Wicker, M.D., and Albert S. Warren, M.D. 

(From the Department of Pathology and Bacteriology and the Department of Internal 
Medicine, School of Medicine, Tulane University of Louismia, and the Charity Hospital 

of Louisiana, New Orleans, La.) 

North American blastomycosis is a fungus disease caused by Blas- 
tomyces dermatitidis. It is manifested in two clinical forms, cutaneous 
and systemic. The former, beginning as a small pimple or pustule on 
the hands, face, wrists, 'ankles, or other exposed site, or in an area 
injured by abrasion, proceeds to a chronic or subacute ulcerating lesion 
of the skin. Skin lesions of cutaneous blastomycosis are characteris- 
tically single, spread slowly and peripherally, and may cause extensive 
involvement with no evidence of visceral infection. The cutaneous 
form of the disease is seldom fatal and usually responds to treatment 
with iodides and x-ray therapy. Systemic blastomycosis, on the other 
hand, is a fatal disease ordinarily characterized by pulmonary involve- 
ment and widely disseminated lesions in the subcutaneous tissues, 
bones, joints, central nervous system, and internal organs,^ In contrast 
with the cutaneous t3^e, skin lesions in this form of the disease are 
multiple instead of single and are widely distributed over the skin on 
unexposed parts of the body such as the abdomen, back, and thighs. 
Both cutaneous and systemic manifestations of blastomycosis are 
caused by the same fungus. 

The characteristic reaction of the tissues to the organism in either 
systemic or cutaneous blastomycosis is abscess formation with chronic 
granulomatous inflammation, giant cells, necrosis, and fibrosis. Numer- 
ous abscesses of almost microscopic size are found in skin lesions, while 
old lesions show signs of chronic inflammation and scarring. There is 
extensive epithelial hyperplasia about the margins of the ulcerating 
skin lesions. Although the tissue reaction in the systemic form of the 
disease is usually pyogenic, the presence of caseation necrosis and 
tubercle formation may cause it to be confused with tuberculosis.^ 
Nevertheless, the tissue reactions in blastomycosis and tuberculosis 
are not identical,^ the most obvious difference being the suppurative 
reaction in blastomycosis. Comprehensive reviews of the subject are 
available in the excellent papers of Martin and Smith, ^ of Baker,® and 

♦Received for publication,, May 24 , 1947* 
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of Friedman and Signorelli.'^ Cases of North American blastomycosis 
have been reported almost exclusively from the United Stales. Proved 
and presumptive cases have been found in 28 states, with Illinois, 
Louisiana, Kentucky, Tennessee, Virginia, and North Carolina fur- 
nishing tlie larger numbers. 

The purposes of the following report are (i) to present the clinical 
and pathologic features of a case of fatal systemic North American 
blastomycosis involving the meninges as well as other organs of the 
body; (2) to present and discuss the method of primary isolation and 
identification of B. dcnnalHidh ; and (3) to describe tests of the resist- 
ance of tlie fungus in vitro to streptomycin and penicillin. 

Report of Case 

A 20-ycar-old, colored, male laborer entered Charity Hospital on May 16, 1946, 
because of tender cutaneous nodules which had grown progressively larger and 
more painful over the preceding 3 weeks. He had been well prior to the present 
illness and had had no s>Tnptoms referable to the gastrointestinal, genito-urinaiy, 
or nervous systems. For a period of 3 months he had had slight afternoon fever, 
night sweats, and blood-streaked sputum. He had been employed as a laborer in 
an oil field in central Mississippi but reported no prolonged contact with irritating 
dusts or chemicals. The past history was otherwise noncontributory. 

Physical Examination. Tlie patient was lying flat in bed without dyspnea, and 
was oriented and alert; his respiratory rate was 23; pulse, 94; and temperature, 
99,4° F. He was well developed but poorly nourished and appeared severely ill. 
On the left forehead there was a large encrusted lesion, measuring 2 by 3 cm., 
which was sharply demarcated from the surrounding normal skin. Pus could be 
expressed from beneath the eschar. There were no lesions of the mucous, mem- 
branes. Multiple subcutaneous, fluctuant masses, painful to palpation and varying 
in diameter from 2 to 5 cm., were present over the arms, forearms, thighs, and 
legs. There was no palpable enlargement of the superficial Ijmph nodes. The lungs 
were clear to percussion and auscultation. The heart was not enlarged and no 
abnormal sounds were heard. There were no palpably enlarged viscera in the 
abdomen and no abdominal tenderness or rigidity. There was no edema of the 
extremities. No signs of meningismus were elicited. 

Laboratory Findings (on admission). Blood: Hemoglobin, 7 gm. per 100 cc.; 
red blood cells, 2,75 million per cmm.; white blood cells, 15,350 per cmm. Dif- 
ferential blood cell count: 63 per cent pol>morphonuciear leukocytes, 13 per cent 
immature polymorphonuclear leukocytes, 4 per cent monocytes, 20 per cent Ijmph- 
ocytes. Sedimentation rate (Wintrobe) was 67 mm. in 20 minutes, 78 mm. in 
I hour. The Mantoux test was negative with 1:10,000 dilution of old tuberculin. 
The Kline and Kolmer tests were negative. Urine (voided specimen): Yellow, 
acid; specific gravity, 1.012; albumin, negative; sugar, negative; 2 to 3 red blood 
cells and 5 to 6 white blood cells per high power field. 

Clinical Coarse. A roentgenogram of the chest taken on admission revealed 
multiple infiltrations of pin-head size throughout both lung fields (Fig. i). Since 
the findings were compatible with miliary tuberculosis, the patient was admitted 
directly to the Tuberculosis Unit. Sputum examinations (24-hour concentrations) 
on three occasions revealed no acid-fast bacilli. The vital capacity v/as recorded 
as 1,600 cc. The patient was febrile with sharp, irregular fluctuations in tempera- 
ture up to 102“ F. He showed severe muscular weakness throughout the period of 
observation and frequently required codeine for relief of chest pain. 
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Toward the end of the first hospital week in the Tuberculosis Unit, the patient 
became irrational and it was feared that he had developed tuberculous meningitis. 
A spinal puncture yielded clear cerebrospinal fluid under an initial pressure of 210 
mm. of water. The fluid contained 10 cells per cmm., and 31 mg. per cent of 
protein. The Kline and Kolmer tests were negative; the colloidal gold test gave 
no reaction. 

Cultures of sputum collected on May 24 showed growth of fungi after 6 days, 
but the organisms were not definitely identified. Pus was then aspirated from the 
subcutaneous abscesses and examined microscopically in a moist mount. Numerous 
doubly contoured bodies, measuring approximately 6 to 16 ju, in diameter, were 
seen. Several of the organisms possessed single buds extending from the periphery 
of the cell. A diagnosis of blastomycosis was entertained and on the i8th hospital 
day the patient was transferred to the Isolation Unit for treatment. 

Upon admission to the Isolation Unit, the patient was anemic, emaciated, edema- 
tous, dyspneic, and irrational. Crepitant rMes and dullness were present in the base 
of the left lung and in the left axilla. The heart rate was rapid but regular and a 
systolic murmur was heard at the apex. The liver was tender and extended 3 finger- 
breadths below the costal margin. No other masses were felt in the abdomen. The 
deep reflexes were active and equal. Nuchal rigidity was present, as was Kernig’s 
sign. The subcutaneous abscesses were still present and were quite painful. Micro- 
scopic examination of pus from the ulcer on the forehead revealed many oval, 
doubly contoured, highly retractile bodies which developed small peripheral buds 
when left at room temperature for 24 hours on a sealed slide mount. 

The patient was given a high-vitamin, soft diet, and sedation as needed. He 
required increasing amounts of narcotics to control the pain in the chest. A trans- 
fusion of 500 cc. of whole blood and repeated infusions of normal saline and glucose 
solution were administered. However, he failed rapidly. His respiratory rate in- 
creased to 52 per minute and he became more irrational, experiencing visual and 
auditory hallucinations during the last 2 days of life. He gradually lapsed into 
coma, refused all food, and expired on the 22nd hospital day, approximately 4 
months after the onset of s5miptoms. 

Clinical Diag?iosis: Systemic blastomycosis. 

Autopsy Report 

Autopsy was performed 2 ^ hours after death. The body was that 
of a well developed, poorly nourished, colored, adult male weighing 
120 lbs. and measuring 177 cm. in length. Marked pedal edema was 
present. Granulating ulcers of the skin with slightly raised, irregular 
edges and necrotic, hemorrhagic bases were present as follows: lesion, 

3 cm. in diameter, on the left side of the forehead; two lesions, 3 and 
1.5 cm. in diameter, respectively, on the right side of the chin; lesion, 

I cm. in diameter, under the chin; lesion on the right hip, 3 by i cm. 
in diameter. Small, firm, cervical lymph nodes were palpable on the 
left side of the neck. Round to oval subcutaneous abscesses varying 
from 3 to 8 cm. in diameter were noted in the following sites: the left 
side of the neck below the angle of the jaw, the midportion of the inner 
aspect of the right forearm, below the elbow on the medial aspect of 
the left forearm, and the calf of the left leg. The pus in these cavities 
was creamy and varied from pale yellow to greenish gray or bloody. 
A draining sinus, i cm. in diameter, was present in the thoracic wall 
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in the 4lh intercostal space about i cm. to the right of the sternum, 
A necrotic portion of the 4th rib was exposed in the depths of tliis sinus 
but there was no communication with the pleural cavity. 

The peritoneal surfaces were smooth and shiny. The cavity con- 
tained about 500 cc. of clear yellow fluid. The liver extended 4 cm, 
below tlie xiphoid and 3 cm. below the costal margins. The abdominal 
viscera were grossly normal. The mesenteric lymph nodes were not 
enlarged. The pleural cavities contained no free fluid. The surfaces 
of tlie lungs were smooth and shiny anteriorly, but posteriorly the 
pleural space on the right was obliterated b}^ firm, fibrous adhesions 
which also involved the diaphragmatic pleura. An abscess, 2 cm. in 
diameter, was present in the intercostal muscles of tlie second inter- 
space just to the right of the sternum. The abscess did not communi- 
cate with the skin or pleural cavities but had almost ruptured through 
the parietal pleura. It was filled with tliick, yellow-green pus. The 
pericardial cavity appeared normal. The heart weighed 200 gm. and 
appeared to be normal. The lungs together weighed 2,490 gm. In- 
numerable small, shiny nodules, measuring 2 to 3 mm. in diameter, 
were visible and palpable beneath the pleura of all surfaces of both 
lungs. Similar discrete nodules were found throughout tlie substances 
of both lungs (Fig. 2). On section, the nodules were firm and yellow 
without obvious central liquefaction. All lobes were rubbery, subcrepi- 
tant, and congested. The hilar and mediastinal lymph nodes were mod- 
erately enlarged, firm, and pink. The bronchi were filled with red, 
frothy fluid. The spleen weighed 220 gm. On section, the parenchyma 
was reddish purple and studded throughout with firm, yellow nodules 
resembling those in the lungs. The liver weighed 1,660 gm. Scattered 
small, yellow nodules were present beneath the capsule but were not 
found elsewhere in the parenchyma of the liver. The right and left 
kidneys weighed 176 and 180 gm., respectively. The cortical surfaces 
were smooth, reddish brown, and were elevated by numerous firm, yel- 
lowish nodules similar to those already described. On section, the 
cortices were similarly studded with firm, yellow nodules measuring 
up to 8 mm. in diameter. The prostate gland was slightly enlarged 
and soft. On section an abscess, 0.8 cm. in diameter, was present in 
the right lateral lobe. Its cavity was filled with thick, yellow pus. The 
gastrointestinal tract and the remaining viscera were of normal appear- 
ance. 

The brain weighed 1,330 gm. It was soft and edematous, the gyri 
were flattened, and the sulci narrowed. The dura mater was not thick- 
ened or otherwise abnormal except in a region 3 cm. wide running 
along the superior sagittal sinus for a distance of 5 cm. in the occipital 
region. In this region, the under surface of the dura was tenaciously 
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adherent to a semi-necrotic mass of friable, yellow tissue, 2 to 12 mm. 
thick, which spread laterally about 3 cm. on either side of the sinus 
and extended down between the occipital lobes along the falx cerebri 
to its inferior margin. The lining of the superior sagittal sinus in this 
region was roughened and granular but the lumen was not occluded. 
An attempt was made to lift the dura and the adherent necrotic ma- 
terial from the brain surface, but no clear line of demarcation was 
present. Necrosis extended into tlie brain to a depth of several mm. 
over the medial and superior surfaces of the parietal and occipital 
lobes (Fig. 4). The leptomeninges of the base of the brain, cerebellum, 
pons, and medulla were covered by a tenacious, thick, yellow-green 
exudate, while the meninges covering the convexities of the cerebral 
hemispheres appeared normal. The vessels of the leptomeninges were 
moderately congested. 


Microscopic Examination 

The heart was histologically normal except for slight edema of the 
pericardium. 

The lungs showed numerous uniformly distributed focal areas of 
necrosis and suppuration, each surrounded by a granulomatous zone. 
These granulomata varied greatly in size, the larger ones correspond- 
ing to the nodules seen grossly. The granulomata occupied about one- 
half of the area of the sections examined; some were poorly delimited 
and others were surrounded by a zone of fibrous tissue. They con- 
sisted of necrotic debris, polymorphonuclear neutrophils, epithelioid 
cells, and round or ovoid yeast-like bodies measuring 8 to 12 /a in 
diameter. The yeast-like bodies had a highly retractile, doubly con- 
toured cell wall surrounding a granular, central, cytoplasmic mass. 
Many , large multinucleated giant cells were present chiefly at the pe- 
riphery of the granulomata and some of them contained yeast-like 
bodies in their c3d;oplasm (Fig. 3). The alveolar architecture was de- 
stroyed within the granulomata but the intervening pulmonary tissue 
showed remarkably little change except for edema fluid in occasional 
alveoli. 

The spleen contained focal granulomatous and necrotic areas similar 
to those in the lungs. Some of these lesions contained few, and others 
many, yeast-like organisms, either free or within giant cells. The inter- 
vening splenic pulp was normal except for moderate fibrosis. The mal- 
pighian bodies were well preserved and were seldom involved. . 

The liver showed widely scattered, small, granulomatous lesions con- 
taining yeast-like bodies, but was otherwise normal. The gallbladder, 
pancreas, gastrointestinal tract, and adrenals were normal. 

The kidneys contained sharply delimited regions of necrosis, granu- 
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lomatous inflammation, and suppuration. Many ycast-likc organisms 
were present in these lesions, both free and within the cytoplasm of 
giant cells. There were degenerative changes of the epithelium of the 
convoluted tubules and occasional hyaline and granular casts in tubular 
lumina. The urinary bladder and testes were normal. 

The prostate contained multiple abscesses. Many yeast-like organ- 
isms were present in the abscess cavities, in the neighboring pus-filled 
glands, and in the cytoplasm of large multinucleated giant cells. 

The mediastinal lymph nodes showed diffuse infiltration with poly- 
morphonuclear neutrophils and marked interstitial fibrosis. Many 
yeast-like bodies and giant cells were present. 

The skin from the lesions on the forehead showed extensive fibrosis 
of the dermis and subcutaneous tissues. There were many irregular 
regions of suppuration and granulomatous inflammation surrounded 
by dense fibrous tissue. Within these regions yeast-like bodies were 
present, both free and within giant cells. 

In the right occipital lobe of the brain and near the midiine, the 
superficial layers of the cortex were destroyed and replaced by gran- 
ulation tissue and inflammatory exudate. The exudate contained many 
pol3nnorphonuclear neutrophils together with Ij'-mphocytes, plasma 
cells, and macrophages. Scattered throughout were numerous round, 
doubly contoured yeast-like bodies, varying in diameter from 6.4 to 
12.3 /X. Some of these showed budding (Fig. ii). The cortical tissue 
beneath the region of superficial destruction showed marked edema 
and degenerative changes of nerve cells. Gliosis was not apparent. 
The spaces of the overlying leptomeninges were filled with similar 
exudate containing many yeast-like organisms. In neighboring regions 
the meninges contained inflammatory exudate but tliere was no de- 
struction of the underlying cortex. Sections from several other regions 
showed no inflammatory changes in the meninges or in the brain. 

The cerebellum showed extensive superficial destruction and inflam- 
matory changes of the meninges similar to those described. The 
cerebral peduncles, pons, and basal ganglia were normal. Extensive 
inflammatory changes were present in the leptomeninges covering the 
medulla, and numerous yeast-like bodies were found, 

A mass of granulomatous tissue exceeding i cm. in thickness was 
attached to the internal surface of the dura mater in the region of the 
falx cerebri. Much of this mass was completely necrotic, but in many 
regions innumerable yeast-like bodies were present, mingled with giant 
cells, polymorphonuclear neutrophils, macrophages, plasma cells, and 
Ijonphocytes. Such collections were in many instances completely sur- 
rounded by collagenous fibrous tissue. New blood vessels and fibre- 
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blasts were present except in regions of necrosis and suppuration. The 
superior sagittal sinus was almost completely surrounded by tissue of 
this character and in one region the wall was destroyed. Granulation 
tissue containing many organisms had replaced the wall of the sinus 
in this region and had encroached on the lumen. 

Anatomic Diagnosis. Systemic blastomycosis with involvement of 
the skin, subcutaneous tissues, lungs, liver, spleen, kidneys, prostate, 
bone, meninges, superior sagittal sinus, and brain. 

Summary of Pathologic Findings. This case of systemic blastomy- 
cosis was characterized by widespread abscesses and granulomatous 
foci in which the polymorphonuclear neutrophil was the predominating 
cell. In all of these lesions there were numerous round, oval, yeast-like 
bodies, either free or within giant cells, measuring 4.6 to 14.0 [x in 
diameter, which resembled B. dermatitidis. Lesions were found in the 
lungs, liver, spleen, and kidneys. In addition, there were cutaneous 
lesions of the face which lacked the typical gross appearance of blas- 
tomycotic ulcers but nevertheless contained organisms. Subcutaneous 
abscesses and lesions of the ribs, brain, and meninges were present 
also. Grossly and microscopically, the lesions in the lungs bore some 
resemblance to miliary tubercles, but were more like miliary abscesses 
in that the granulomatous zones were heavily infiltrated with poly- 
morphonuclear neutrophils and their centers were suppurative rather 
than caseous. The histologic characteristics of the lesions in this case 
were similar to those described by Baker.^ 

Primary Isolation and Identification of the Fungus 

The method of primary isolation of the fungus was similar to those 
recommended by Benham ® and Martin and Smith.’^ Direct examina- 
tion of exudates was made by means of unstained moist mounts, in 
saline solution and in 10 to 20 per cent NaOH, and by Wright’s stain- 
ing. Numerous spherical, doubly contoured, thick-walled, yeast-like 
cells were seen. Exudate was streaked by the gridiron technic on agar 
plates containing 5 per cent sheep’s blood with heart infusion base and 
Sabouraud’s dextrose agar (pH 5-6) • Tncubation was at 37 ° C- 3,nd 
room temperature, respectively. Growth on Sabouraud’s agar, at room 
temperature, was not apparent until 7 days after inoculation, when 
many small colonies of a white, filamentous mold appeared along the 
lines of streaking. 

Growth at 37° C. Growth appeared on blood agar on the fourth day 
of incubation in the form of numerous well isolated, tiny, filamentous, 
fungus colonies growing along the lines of streaking. Transfer of one 
colony from this plate to a blood agar slant resulted in the development 
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4 days later of a mealy, adherent growth resembling the growth of 
Mycobacterium tuberculosis on glycerin media. A giant colony of this 
type is shown in Figure 5. Microscopic examination of the growth 
revealed numerous large, round, thick-walled, doubly contoured, single 
or budding cells, 5,7 to 16,4 /jt, in diameter, and thin, segmented my- 
celial strands (Fig. 7). Upon second and third serial transfers to blood 
agar slant and Sabouraud’s agar, the culture underwent characteristic 
gross and microscopic changes with complete suppression of mycelium 
formation and development of only large budding cells. The progres- 
sion of changes in the microscopic appearance of the culture is illus- 
trated in Figures 7, 8, and 9. The third serial transfer of the organism 
produced a mealy, wrinkled, cerebriform and friable growth of fungus 
which possessed no cottony, aerial m3^celium. It was noted that fre- 
quent transfers favored the mealy type of growth. 

Growth Characteristics at Roo 7 ?i Tcjupcrattirc. A single transfer 
of the organism growing at 37° C. to either Sabouraud’s or blood agar 
at room temperature caused the prompt reversion of structure, with 
development of an abundant wooly, white, aerial mycelium (Fig. 6). 
Further study of the organism growing in a Henrici-type slide culture ® 
at room temperature revealed the development of abundant aerial my- 
celium and numerous oval to round conidia, 3 to 4 71 in diameter, which 
were attached to hyphae near the segmentations. Other round to pear- 
shaped conidia of the same size developed on lateral sterigmata of 
varying lengths (Fig. 10), Submerged mycelium developed raquette 
hyphae and thick, swollen structures resembling intercalary chlamydo- 
spores, 7.5 to 18 fi in diameter. 

Growth Characteristics on Carrot Slant. At 37° C., the organism 
produced well isolated, warty, wrinkled, cerebriform colonies similar to 
those produced on blood agar, but considerably more raised. Ascospore 
formation was not observed at any time. The new strain of fungus 
appeared to be identical in all its characteristics with a stock laboratory 
strain of Blastomyces dermatitidis.* 

Ctdtural Variation at 37° C. After several subcultures on blood agar 
and prolonged incubation at 37° C., minute prickly elevations consist- 
ing of closely packed filaments of true mycelium appeared on the sur- 
face of the growth. These were considered to be abortive coremia 
representing an attempt of the fungus to revert to the myceliated state. 
Both the stock and newly isolated strains of B. der^natitidis exhibited 
this characteristic, and also showed the other two cultural variations 
described for the fungus by Henrici.® These forms were: (i) mealy 
colony, unicellular form at 37° C. (Figs.. 5, 7, 8, and 9); (2) prickly, 

* Furnidied by Dr. Norman F. Conant, Duke University, Durham, N.C, 
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In support of these statements, we might point to the wide variety of 
fungi, as listed in Table II, which appear in exudates as oval, spherical, 
or oblong, refractile, fungal cells more or less resembling yeasts and 
capable of causing granulomatous lesions in tissues. In Table II there 
are also presented careful measurements of fungal cells and spores 
made at different ages of culture by one of us (M.L.L.) and compared 
with sizes reported in the literature. In this study, measurements were 
made of only one representative culture. Strain variation was not 
investigated. In one study of strain variation of Microsporum by 
Conant,^° spore dimensions were found to be too variable for species 
differentiation. The wide variation in dimensions between the smallest 
and largest spore in a given culture of fungus and between strains of 
the same species is presumably dependent upon many factors of growth 
and development, none of which were studied here. Differences in spore 
size among the several genera of fungi presented in Table II are suf- 
ficient, however, to permit rough identification of the fungi in human 
exudates and stained tissues. Cultures should be attempted in every 
case in which a fungus disease is suspected. 

Technic of Primary Isolation 

Media suitable for B. dermatitidis, as well as for other fungi, are 
Sabouraud’s dextrose or maltose agar incubated at room temperature, 
and blood agar incubated at 37° C. Specimens are streaked by the 
gridiron technic on both media in such a manner as to yield isolated 
fungal colonies. Growth of pathogenic fungi on primary isolation will 
appear in most cases within 7 to 10 days on Sabouraud’s dextrose agar 
at room temperature, but may sometimes require as long as 16 days. 
Many air-borne nonpathogenic fungi, which are laboratory contami- 
nants, on the other hand, produce abundant, rapidly spreading aerial 
mycelium in as short a time as 48 to 72 hours and may overgrow the 
entire plate. Care must be taken to minimize contamination by air- 
borne fungal spores during the pouring, storage, and inoculation of 
the media.* The use of a small, closed room, rendered relatively dust- 
free and kept shut, will increase the proportion of successful primary 
isolations. Once a pure culture of a fungus is obtained, it is easier 
to maintain its purity on Sabouraud’s agar slant than on an agar plate 
because of the reduced exposure to air-borne fungal spores. As soon 
as visible, filamentous, mold-like colonies develop in the agar along 

* A new agar medium for primary isolation of fungi, obviating many of the difSculties 
due to air-borne contamination and inhibiting bacteria, recently has been developed by 
the senior author and is now undergoing clinical trial. 

An account of this medium has been published since this manuscript was submitted. 
Littman, M. L., A culture medium for the primary isolation of fungi. Science, 1947, 106, 
109-111. 
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tine lines of streaking, one entire small colony is dug out with a plati- 
num loop and transferred to a Sabouraud’s agar slant. Although the 
young colon}’^ will usually not have developed spores, the vegetative 
mycelium is nevertheless quite capable of further growth and subse- 
quent sporulation in the transplant. 

All fungi incubating at room temperature are kept in a darkened 
cabinet since direct sunlight may inhibit growth. Streaking of a blood 
agar plate with fresh exudate and incubation at 37° C., as recom- 
mended by Martin and Smith," and Conant ct al., ~ will increase the 
likelihood of successful primary isolation. When the fungus is obtained 
in the pure state, free of bacteria and other fungi, attempts at identi- 
fication may be continued by the slide culture technic, giant colony 
study, identification of characteristic sporulating elements in special 
media, and studies of animal pathogenicity and tissue reactions. If 
suitable facilities are not available locally, a pure culture may be sent 
to a specialized laboratory for identification. 

Primary isolation and subsequent identification of patliogenic fungi 
from lesions in patients usually is not a difficult task for an experienced 
mycologist. It does present real difficulties to the bacteriologist or 
pathologist who is unfamiliar with the special methods and media re- 
quired. Demonstration and primary isolation of certain fungi from 
mycotic lesions are simple if certain basic procedures are followed in 
the treatment of the exudate: 

Direct Examination, (i) Mount in 10 per cent NaOH; (2) Gram 
stain or Wright stain; (3) incubation of unstained saline mount to 
detect sprouting or budding; (4) rough identification of the fungus with 
the help of Table II (spherical or oval fungal cells only). 

Culture, (i) Streaking on Sabouraud’s and blood agar plates, and 
incubation at room temperature and 37° C., respectively; (2) early 
transfer of young mold colony to Sabouraud’s agar slant; (3) slide 
culture; (4) giant colony study; (5) sporulating media; (6) animal 
pathogenicity; (7) animal tissue reactions. 

Summary and Conclusions 

A case of fatal North American blastomycosis presented, on autopsy, 
involvement of the skin, subcutaneous tissues, lungs, liver, spleen, kid- 
neys, prostate, bone, meninges, superior sagittal sinus, and brain. 
Histopathologic examination showed widespread abscesses and gran- 
ulomatous foci in which the pol3miorphonuclear neutrophil was the 
predominating inflammatory cell. 

Cultures isolated from exudates and from organs obtained at autopsy 
were identified as Blastomyces dermatitidis. Budding cell forms of the 
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coverslip on the preparation and gently warming the slide. Since nu- 
merous artifacts are easily confused with round or oblong fungal cells, 
a vaseline-rimmed mount of the fresh untreated specimen may be kept 
at room temperature for 24 to 48 hours and examined for either bud- 
ding cells or development of h3^hal germ tubes and hyphal elements 
from the suspected fungal spores. 

Routine Gram staining of smears for demonstration of fungal ele- 
ments is unsatisfactory because of the distorting effect of heat fixation. 
Gram stains of alcohol-fixed smears or direct Wright stains generally 
yield better results. Direct examination of unstained exudates in our 
case of blastomycosis disclosed the presence of numerous nonbudding, 
oval, thick-walled, retractile bodies, which, when maintained in a moist, 
untreated mount at room temperature for 24 hours, formed single, 
small buds compatible in structural characteristics with cells of B. 
dermatitidis. The waU of the oval cell was thick, highly refractile, and 
appeared as a bright band bordered by two thin, dark lines, which 
imparted a doubly contoured appearance to the unstained cell. The 
cell wall of the single bud, on the other hand, was considerably thin- 
ner than that of the parent cell. 

Although the finding of budding, thick-walled, doubly contoured 
cells is suggestive of Blastomyces, it should be stressed that the doubly 
contoured appearance is by no means confined to this genus. Budding 
cells of certain species of Torula and Candida possess double contours 
which may be even more prominent than those of Blastomyces. Im- 
mature spherules of Coccidioides immitis, not possessing endospores, 
appear doubly contoured and resemble nonbudding forms of Blasto- 
myces dermatitidis and Paracoccidioides {Blastomyces) brasiliensis. 
Furthermore, Cr5^tococcus cells possess rather thick cell walls and 
present double contours, as well as the spherical or oblong cells of 
Geotrichum. The discovery of budding, thick-walled, doubly contoured 
cells in exudates, although highly suggestive of Blastomyces derma- 
titidis, should, therefore, not be considered as ultimate proof of diag- 
nosis of North American blastomycosis. As aptly phrased by Martin 
and Smith; ^ 

“The diagnosis can be proved unequivocably only by the isolation and identifi- 
cation of the infecting organism, Blastomyces dermatitidis. However, from the his- 
tory and clinical appearance of the infection, direct examination of material from 
the lesions, skin tests, and complement fixation reactions, tentative diagnoses can 
be made which should stimulate efforts toward isolation of the fungus.” 

Baker ® believed that the tissue reaction produced by B. dermatitidis 
is sufficiently distinctive to permit histopathologic diagnosis with a high 
degree of accuracy if Blastomyces-like organisms are present in the 
lesion, but attempts should be made to obtain pure cultures in every case. 



Table II 

Microscopic Features of Oval, Spherical, or Oblong Fungal Cells More or Less Resembling Yeasts 
and Capable of Producing Granulomatous Lesions tn Tissues 
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abortive coremia at 37° C.; and (3) wooly, mycelial form at room 
temperature (Figs. 6 and 10). In summary, it may be said that the 
morphologic appearance of B. dermatitidis on agar medium is variable, 
depending on temperature of incubation, age of the culture, and num- 
ber and rapidity of transfers from the original isolation. Recent studies 
by Levine and Ordal ° on factors influencing the structure of B. derma- 
titidis on peptone glucose medium showed that the wooly, mycelial 
form was predominant in cultures growing from “room temperature” 
through 33° C., and the mealy, yeast-like form from 35° C. through 
37° C. 

Biochemical Reactions. Both the newly isolated strain of B. derma- 
titidis and the stock laboratory strain, which had been maintained in 
the budding cell stage at 37° C., were inoculated into beef infusion 
broth, pH 6.8, containing i per cent of one of the following sugars; 
maltose, lactose, sucrose, and dextrose. At 37° C., both strains de- 
veloped abundant, colorless, submerged mycelium in the liquid media 
rather than the fragmented, mealy t5q)e of growth of the organism on 
solid media at 37° C. Cultures were maintained for 6 weeks, during 
which time growth of the fungus filled the media, but failed to pro- 
duce any discernible gas or change in reaction. This does not preclude, 
however, the utilization of any of the carbohydrates by either strain 
of Blastomyces. 

In Vitro Resistance oe Blastomyces Dermatitidis to 
Streptomycin and Penicillin 

Little information is available concerning the effect of the anti- 
biotics, streptomycin and penicillin, on B. dermatitidis. Since the ac- 
cepted method of treatment of North American blastomycosis with 
iodides and x-ray therapy is not particularly effective, the in vitro 
action of streptomycin and penicillin against the organism was thought 
worthy of examination. 

Series of tubes of Sabouraud’s dextrose broth and nutrient broth 
containing quantities of streptomycin hydrochloride (Merck) and so- 
dium penicillin (Wyeth) varying from o.i to 200 units per cc. were 
inoculated with standard laboratory strains of Staphylococciis aureus 
and Escherichia coU as control organisms, and with two strains of 
Blastomyces dermatitidis, the newly isolated and the laboratory stock 
culture. The fungus inoculum consisted of 6-day-old budding cells, 
maintained in the unicellular state on blood agar at 37° C. Incubation 
was at 37° C. and observations were made at suitable intervals. The 
two strains of the fungus were found resistant to concentrations of 
streptomycin and penicillin up to 200 units per cc., as illustrated in 
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Table I. In order to verify these results, the “window” method of 
Cooke,^" originally devised for assay of penicillin and for the deter- 
mination of penicillin sensitivity of bacteria, was used to determine the 
penicillin and streptomycin sensitivity of B. dcnnatitidis. Blood agar 
was used as the culture medium. Both strains of Blastomyces again 
were found to be insensitive to concentrations up to 200 units per cc. 


Table I 

In Vitro Resistance of Blastomyces dcrt7:atiiidis to Streptomycin and PcnicHlin 


Concentration 


Growth in Sabouraud's dextrose broth 


Units per cc. 

Blcstomyccs 

Btastomycfs 

dcrmclitidis 

Staphylociiccu: 

Escherichia 


(Conant) 

Gureurf 

ccU\ 

Strcptom3’’c5n 

hydrochloride 





0 

+ 

4 - 

4 - 

4 - 

O.I 

- 1 - 

4 - 

4 - 

JL 

% 

o-S 

4- • 

+ 

4 - 

4- 

I.O 

+ 

+ 

4 - 

4- 

5 

-f 

4 - 

4 - 

— 

10 

4- 

+ 

± 

— 

20 

4- 

4 - 

— 

— 

50 

4- 

4 - 

— 

— 

100 

4- 

+ 


— 

200 

+ 

+ 

— 

— 

Sodium penicillin 





0 

4- 

4 - 

+ 


O.I 

4- 

4- 

+ 


0.5 

4- 

4- 

«. 

i 

I.O 

4- 

4- 

' — 


5 

4- 

4- 

— 


10 

4- 

4- 

— 


20 

4- 

4- 

— 


50 

4- 

4- 

— 


100 

4- 

4- 

— 


200 

4- 

4- 




* Isolated from case of fatal North American blastomycosis, 
t Same results in nutrient broth. 


of either antibiotic. The fact that penicillin did not affect the growth 
of two strains of B. dermatitidis when cultured at 37° C. on liquid or 
solid medium is in keeping with the clinical failure of penicillin therapy 
in a case of North American blastomycosis reported by Herrell, Nich- 
ols, and Heilman.^^ The results obtained by us are in agreement with 
the recent observations of Meyer and Ordal who reported that strep- 
tomycin and penicillin were not fungistatic to one strain of B. derma- 
titidis. 

Discussion 

Demonstration of Fungal Elements in Exudates 
Pus and exudates are cleared by placing them in a drop of 10 to 20 
per cent sodium hydroxide (or potassium hydroxide), mounting a 
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fungus were found to vary in size in culture from 4.6 by 5.7 ^ (width 
and length) to 12.8 by 16.4 [i, and in various organs of the body from 
4.6 by 6.6 ju, to 12.3 by 14.0 ja. 

Two strains of B. dermatitidis were found to be resistant to strep- 
tomycin and penicillin in concentrations up to 200 units per cc. For 
this reason it is not likely that either of these antibiotics will prove 
effective in the clinical treatment of North American blastomycosis. 

Acknowledgments are made to Drs. Charles E. Dunlap, Guillermo M. Carrera, 
and Morris F. Shaffer of the Department of Pathology and Bacteriology, Dr. Roy 

H. Turner of the Department of Medicine, School of Medicine, Tulane University 
of Louisiana, and Dr, Emma S. Moss of the Department of Pathology, Charity 
Hospital, New Orleans, for their advice and guidance in the preparation of the 
manuscript. 
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DESCRIPTION OF PLATES 


Plate 66 

Fig. I. Roentgenogram of the chest sho%ring diffuse bilateral, miliarj^ pulmonary 
lesions in North American blastomycosis. Heart and mediastinal structures 
are witliin normal limits. The picture is compatible with miliary tuberculosis. 

Fig. 2 . Lung. The surface made by cutting shows firm, yellow nodules with no 
apparent central liquefaction. 
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Plate 66 












Plate 67 

Fig. 3. Lung. Photomicrograph of the peripheiA- of a focal granuloma showng 
epithelioid cells and giant cells containing' thick-walled, doubly contoured yeast- 
like bodies of B. dermatilidis. X 1000. 

Fig. 4. Brain. Superficial necrosis of the corte.v of the parietal-occipital lobes near 
the midline. Of note are the thickening of the dura mater .and the presence of 
a granulomatous exudate attached to the inner surface of the falx cerebri. 
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Plate 67 




Plate 6S 

Fig, 5. Giant colony of B. dcnnalitidis, incubated at 37® C. on Sabouraud's dex- 
trose agar, showing typical mealy, wrinkled, cerebri fomi growth. The h'ght 
gray periphery of the colony represents that portion of the growth which 
has penetrated into the agar. First transfer of newly isolated mold from 
growth at room temperature. (Mealy colony, original size.) 

Fig. 6. Giant colony of B. dermatitidis incubated at room temperature on Sabou- 
raud’s dextrose agar, showing wooh' mj'cclial appearance. (Wooly mycelial 
colony, original size.) 

Fig. 7, Microscopic appearance of giant colony growai at 37° C., as seen in Figure 
5. There are numerous round, doubly contoured, single or budding cells as 
well as numerous fragmented mycelial strands. First transfer from wooly 
growth at room temperature. (Mealy state.) X 1000. 
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Plate 69 

Fig. 8. B. dcrmaiiiidis, second transfer, growth at 37° C. on Sabourauers de.xtrose 
agar. There arc numerous budding cells and relatively few mycelial strands. 
Age, 5 days. (Mealy state.) X 1000. 

Fig. 9. B. dennatitidis, third transfer, growing at 37° C. on Sabouraud’s de.xtrose 
agar. There are numerous budding cells and very few mycelial strands. Age, 
5 days. (Mealy state.) X 1000. 
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Plate 69 
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Plate 70 

Fig. 10. Aerial mycelium of B. dcrmatitidis growing in a Henrici-type slide cul- 
ture at room temperature. Oval, sessile conidia and other oval to pear-shaped 
conidia are attached to lateral sterigmata. Age, 14 days, (Wooly mycelial 
state,) X 1200, 

Fig. II. Brain, Photomicrograph of involved portion of the right occipital lobe, 
showing numerous thick-walled budding cells, varj'ing in diameter from 6.4 to 
12.3 p.. Cytoplasmic staining of the fungal cells varies in intensity. X 1000, 
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PERSISTENT “INSECT BITES” (DERMAL EOSINOPHILIC GRANU- 
LOMAS) SIMULATING LYMPHOBLASTOMAS, HISTIOCYTOSE?, AND 

SQUAMOUS CELL CARCINOMAS* 

Arthur C. Allen, M.D.t 

{From the Army Institute of Pathology, Washington 25, D.C.) 

In 1942, opportunity was afforded at the Army Institute of Pathol- 
ogy to review the histologic slides of a lesion said to have been pro- 
duced by a tick bite. The microscopic sections seemed at the time 
indistinguishable from mycosis fungoides or Hodgkin’s disease, espe- 
cially in view of the presence of multiple lesions in the patient. How- 
ever, following the study of the cutaneous reactions to arthropods (ticks, 
mosquitoes, and chiggers), it was quickly appreciated that not only 
were these diagnoses of neoplasia wrong but that the misinterpretation 
of these reactions was a common and serious error.^ The errors in- 
volved the misconstruction not only of the dermal reaction but also 
of the epidermal changes. The latter response was confused with squa- 
mous cell carcinoma; the dermal infiltrate was mistaken for mycosis 
fungoides, Hodgkin’s disease, lymphosarcoma, giant follicular l3unpho- 
blastoma, and Spiegler-Fendt sarcoid. Undoubtedly the principal rea- 
son for the failure to attribute these reactions properly to bites of 
arachnida and insects was referable to the general impression, despite 
clear-cut clinical histories, that such reactions last only for days, 
whereas, in truth, they may persist for as long as 2 years. More re- 
cently, the problem has been further complicated by introduction into 
the literature of a lesion called ‘‘eosinophilic granuloma of skin,” an 
entity of questionable nosologic justification."'^ Therefore, because of 
the major importance of establishing a definitive diagnosis and because 
of the interest in the pathogenesis of a much mimicked histologic pat- 
tern, it was felt of use to record the experience in this matter. 

Material 

There were available for study the histologic preparations of reac- 
tions to “bites” of 20 arthropods, including 9 ticks, 4 mosquitoes, 3 
chiggers t (“red bugs”), and 4 insects not otherwise identified. For 
comparison there were available the sections of 30 eschars of scrub 
typhus (tsutsugamushi disease) and 2 sections of skin infected with 
the ovum or larva of worms. The eschars produced b\’ mites of the 

* Received for publication, May 19, 1947* 

tNow at Memorial HoFpital, New York :i, X.V. 

tThe "cbipccrs” are the larval mites of Tror-.hkttla irritar.: and arc to be dbtin- 
guished from "jippers,” or adult sand ficas (Pulrz '■cr.ctraKi). 
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species Trombicula offered no diagnostic problems inasmuch as they 
were all from active cases of scrub typhus. No examples of the late 
residue of such eschars were studied. 

The lesions occurred on the extremities in 8 cases, on the abdomen 
in 5, on the back in 3, on the penis in 2, and in the axilla in 2. Their 
duration varied from 3 weeks to approximately 2 years; 6 were present 
longer than i year. All but one of the patients were white; in the one 
Negro, the lesion, following a tick bite, lasted 15 months before it was 
excised. Two of the group were females. The ages ranged from 21 to 
49 years. In 3 instances, the ages were not recorded. Twelve of the 
20 bites were acquired in California, Georgia, Texas, and Louisiana. 
The clinical appearance of the lesions varied from a patch of ecxema 
such as might be caused by an irritant of dermatitis venenata, to a 
smooth, firm, erythematous, persistent, pruritic, slovdy growing or sta- 
tionary papule. The latter form of lesion simulated a fibroma. Some 
of the lesions were excoriated or ulcerated; some oozed, formed crusts, 
and desquamated. One of the lesions on the penis suggested a syphilitic 
chancre. There was a tendency for the ulcerations to heal, to recur 
subsequently, and to heal again. In such lesions a portion of the tick 
was left embedded in the skin. Marked pruritis was a particularly 
prominent and constant symptom. The lesions varied from i to 7.5 cm. 
in maximum diameter. It was generally impossible to estimate the 
duration from their clinical appearance. 

Findings 

The histologic picture as stated had two distinct components 
which might or might not be combined: (i) changes in the epidermis 
and (2) the dermal infiltrate. 

Epidermal Reaction 

The most striking feature of the epidermal reaction was the marked 
pseudo-epitheliomatous hyperplasia which occurred in 7 of the 20 in- 
stances (2 chiggers, 2 ticks, and 3 unidentified). In 6 of the 7 cases, 
lesions with the epidermal hjqjerplasia were submitted to the Institute 
with the incorrect diagnosis of squamous cell carcinoma (Figs, i to 4). 
The pseudo-epitheliomatous hyperplasia was quite like that often seen 
at the margins of cutaneous ulcers. The differentiation of pseudo- 
epitheliomatous hyperplasia from carcinoma was by no means always 
a simple matter inasmuch as a disruption of the epidermal basement 
membrane and an excessive number of mitotic figures in the advanced 
portions of the rete pegs were occasionally present (Fig. 4). The diag- 
nosis of hyperplasia rested on the conclusion that the isolated epi- 
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dermal nests were not truly invasive but were obliquely cut pegs 
actually continuous with the epidermis. Moreover, if the cells in mitosis 
were excepted, the other cells in these deep nests were essentially as 
differentiated as those of the neighboring uninvolved epidermis. The 
disruption of the basement membrane was regarded as the effect of the 
adjacent extensive, compact, inflammatory reaction. In this connec- 
tion it was noted that pseudo-epitheliomatous hyperplasia was in each 
instance accompanied by marked dermal inflammation and was most 
pronounced over the densest portion of the dermal reaction. 

Other changes in the epidermis included varying degrees of spongi- 
osis (Fig. 6) which in 4 lesions (2 ticks, i chigger, i unidentified) 
reached the degree of vesiculation (Figs. 3 and 5). The vesicles were 
multiloculated, eczematous collections of serum containing purulent 
exudate or, as occurred in one instance, masses of eosinophilic leuko- 
cytes. The roof of the vesicles and the adjacent epidermis tended to be 
parakeratotic. Often loosely scattered neutrophilic and a few eosino- 
philic leukocytes were located in the epidermis, particularly in the 
spongiotic areas (Fig. 6). In the absence of pseudo-epitheliomatous 
hyperplasia a relatively uniform acanthosis, usually associated with 
hyperkeratosis and focal parakeratosis, was present. Occasionally the 
hyperkeratosis took the form of prominent keratinous plugs of follicles. 
The acanthosis was of a nonspecific variety but in some lesions simu- 
lated that found in neurodermatitis. 

Dermal Infiltrate 

The dermal inflammatory reaction was in most instances character- 
ized by concentrated masses of cells involving the entire thickness 
of the dermis and part of the hypodermis, or distributed in dense 
patches in various portions of the dermis. The reaction showed no 
predilection for the cutaneous appendages but was often primarily 
collected about blood vessels. Whereas pseudo-epitheliomatous hyper- 
plasia was accompanied by abundant dermal reaction, the reverse was 
not necessarily true. The important features of the infiltrate included: 
(i) Its density and usually great extent. (2) The presence of numer- 
ous mature eosinophilic leukocytes reaching a concentration of as many 
as ninety per high-power field. (3) The large numbers of plasma cells 
which varied greatly in size, many with two nuclei and rarely three, 
and some of them indistinguishable from the giant plasma cells of my- 
cosis fungoides. (4) The abundance of histiocytes with cytoplasm 
which appeared to have undergone diffuse hydropic swelling and re- 
acted negatively to stains for glycogen and fat. Mast cells were not 
increased. (5) Finally, there were noted conspicuous Ijrniph follicles 
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(5 of the 20 cases) with definite germinal centers. It is of interest 
that eosinophilic leukocytes were excluded from the germinal centers 
despite their presence in large numbers in the adjacent infiltrate. 

In addition, mitotic figures were observed in histiocytes in 5 of the 
lesions; karyorrhexis with phagocytosis of chromatin was common. 
Binucleate histiocytes with partially overlapping nuclei closely resem- 
bling the Sternberg-Reed cells of Hodgkin's disease also were found 
occasionally. In 3 lesions subepidermal edema, almost urticarial, was 
present; in only one of these was the process of short duration (Fig. 
14). In 3 instances there were subendothelial edema, swelling of endo- 
thelial cells, and a few polymorphonuclear leukocytes in the intima of 
dermal arteries and veins, a reaction reminiscent of one form of aller- 
gic inflammation of vessels. In 4 other lesions ( i tick, i mosquito, and 
2 unidentified) epidermal inclusion cysts were found in the mid-dermis 
in the core of the infiltrate. In one lesion portions of the tick actually 
were included in tlie center of an epidermal cyst (Figs, ii and 12). In 
2 cases there was noteworthy proliferation of the squamous cells lining 
these cysts. Foreign body giant cells were present in the vicinity of 
the cyst, possibly representing a reaction to the keratin of the epi- 
dermal inclusion or to broken off remnants of the arthropod. The 
apparent integrity of the cyst with no obvious extrusion of keratin and 
the association of eosinophilic leukocytes with the giant cells suggest 
that portions of the arthropod or its products might be the inciting 
agent. 

Comparative Lesions 

The acute lesions of the eschars of scrub typhus of approximately 
9 to 27 days' duration differed strikingly from the reaction to other 
arthropods, essentially in the almost complete absence of eosinophilic 
leukoc3d;es from the dermal infiltrate.'’ In addition the constant super- 
ficial necrosis of the eschars was not noted in the lesions under current 
study. On the other hand the dermal reaction to the larva of Ascaris 
and to the ovum of Schistosoma japonicum was in basic respects simi- 
lar to the bites of arthropods although the pseudo-epitheliomatous 
hyperplasia was lacking (Figs. 23 and 24), 

Discussion 

Differentiation from Ly 7 nphoblast 07 nas 

The basic histologic picture of the cutaneous reaction to a variety 
of arthropods is a dense dermal infiltration consisting principally of 
mature eosinophilic leukocytes and plasma cells admixed with histio- 
cytes which are occasionally in mitosis or binucleated, resembling 
Sternberg-Reed cells. This histologic reaction has been confused with 
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Hodgkin’s disease and mycosis fungoides, a possibility noted previ- 
ously by others.® The occasional addition of circumscribed collections 
of lymphocytes, sometimes with large lymphoid follicles and actual 
germinal centers, may suggest giant follicular lymphoblastoma, Spieg- 
ler-Fendt sarcoid, or an ill defined atypical lymphoblastoma. The 
presence in histiocytes of mitotic figures, however rare, serves further 
to camouflage the true diagnosis inasmuch as mitotic figures in dermal 
infiltrates must be regarded as presumptive evidence of neoplasia until 
proved otherwise. The reaction to the bite of arthropods is a definite 
exception to this rule. Furthermore, contrary to the observations of 
others,® these studies indicate that the reactions to the bites of arthro- 
pods may persist as active dermal “eosinophilic granulomas” for at 
least 2 years, and perhaps longer. It is precisely this fact, hitherto 
obscured, which requires that these lesions be considered in an alto- 
/ gether new stratum of differential diagnosis characterized by diseases 
of relatively long duration, particularly neoplastic processes. It bears 
noting that while the existence of a single lesion may to some degree 
support the diagnosis of insect bite as against neoplasm, this type of 
evidence must be tempered by the fact that lymphoblastomatous in- 
volvement of skin may appear as an isolated lesion for a long time. 
Conversely, insect bites may be multiple. 

Hodgkin’s disease may cause the most difficulty in differential diag- 
nosis. The main basis for the histologic differentiation of the insect 
bites from the neoplastic lesions and Spiegler-Fendt sarcoid (what- 
ever its nature) is the abundance of mature eosinophilic leukocytes in 
association with plasma cells. Evidence of phagocytosis is additional 
presumptive, but not conclusive, evidence against the diagnosis of 
lymphoblastoma. However, there are other criteria which lend further 
aid in differential diagnosis. Frequently the reaction to the arthropod 
is accompanied by a degree of pseudo-epitheliomatous hyperplasia of 
the epidermis that may be mistaken for squamous cell carcinoma. Such 
a reaction in conjunction with the suspected dermal infiltrate is, per 
se, potent evidence in favor of the reaction to an arthropod. More- 
over, the presence of epidermal inclusion cysts, especially with foreign 
body giant cells intermingled with eosinophilic leukocytes, even in the 
absence of identifiable parts of the arthropod, is significant evidence 
of the inflammatory basis for the lesion. 

Differentiation from Other Eosinophilic ‘‘Granulomas” 

Perhaps the source of greatest confusion lies in the recently publi- 
cized group of “eosinophilic granulomas of the skin.”®’^*'^ There can 
be little question of the heterogeneity of this group in which there 
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appear to have been lumped lesions due to parasites of various sorts 
as well as to biting insects and acarines, lipoidal and reticulohistio- 
cytoses including Lettercr-Siwe’s disease, periarteritis nodosa, and 
lymphoblastomas, particularly Hodgkin’s disease. Surely, therefore, 
the tendency to consider the cutaneous “eosinophilic granuloma” an 
entity will* serve only to add confusion. The differential histologic char- 
acteristics mentioned above, namely, eosinophilic plasmacellular infil- 
trate, epidermal inclusions, and pseiido-cpitheliomalous hyperplasia, 
may aid the very practical purpose of segregating the reactions to the 
bites of arthropods from the other types of so-called eosinophilic gran- 
ulomas. In the absence of pseudo-epitheliomatous h3^perplasia, the 
reaction to the intracutaneous larvae of worms, often in the clinical 
form of “creeping eruption,” may be indistinguishable from that of 
insect bites. The dermal eosinophilia in some cases of periarteritis 
nodosa may be fully as marked as in the lesions due to arthropods but 
the vascular change in the latter is relatively mild and does not pre- 
sent the fibrinoid degeneration that characterizes periarteritis nodosa, 
or, for that matter, erythema elevatum diutinum, another disease that 
has been included in the differential gamut. Various stains for fat that 
are clearly positive serve to rule out insect bites in favor of the lipoidal 
histioc5d;oses. However, the vacuolated cells of the former may be mis- 
taken for lipoidal histiocytes in routine sections, although the granu- 
larity and fine vacuolization of the histiocytes is more evident in the 
histioc3d:oses, both lipoidal and nonlipoidal. The frequent presence of 
eosinophilic leukocytes in tlie histiocytoses calls for nice judgment in 
deciding that the histiocytes constitute the primary cellular response 
and, generally, are structurally different from those found in reactions 
to arthropods. Because of the identity of the names, the eosinophilic 
granuloma of skin has naturally been compared with the corresponding 
lesion of bone.’’ Here again, in the lesion of the bones, the histiocytes 
with the acidophilic, finely granular, often lipoid-filled cytoplasm ap- 
pear to be the essential, primary cellular matrix rather than the eosino- 
philic leukocytes, however abundant they may be. This is not meant 
categorically to deny any possible relationship between eosinophilic 
granuloma of bone and other forms of cutaneous eosinophilic gran- 
ulomas of skin, exclusive, of course, of those due to arthropods. In 
the previously reported mixed group of “eosinophilic granuloma,”® 
an eosinophilia of the peripheral blood commonly was present and was 
often at a high level. Data on the level of eosinophilic leukocytes in 
patients with arthropod bites included in the current study are incom- 
plete, but in the 2 cases in which counts were made, no peripheral 
eosinophilia was present. 
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Pathogenesis 

No constant or significant differences were noted in lesions varying 
in duration from 3 weeks to 2 years. Possibly a study of a larger series 
of cases in the early stages may modify this impression. In only one 
instance (mosquito bite) was a scar formed. The duration of this 
lesion was unknown. In any case, it is indisputably true that the 
prominence of eosinophilic leukocytes and plasma cells was as marked 
or even greater after i to 2 years as after 3 weeks. This constancy 
in the quality of the reactions notwithstanding their duration, which 
is at sharp variance with the observations of others,"’*^ is of consider- 
able interest because it implies that the stimulating agent of the arthro- 
pod or its venom in some way manages to maintain its activity over 
many months. This activity is achieved in the absence of any recog- 
nizable remnants of the arthropods, although in several instances there 
was a history of incomplete removal of a tick. Moreover, the duration 
of vesiculation observed in more than one-third of the cases appeared 
to be in days or, at most, weeks rather than in months. The patho- 
genesis of this acute or subacute vesiculation, occasionally recurrent in 
a chronic lesion, remains to be explained on a basis more adequate than 
mere excoriation. Inasmuch as these vesicles are of eczematous types, 
action of the persistent allergen within the lesions seems a likely basis 
for their development. There was no correlation between the occur- 
rence of vesiculation and the duration of the lesions. 

In contrast to the reactions of the skin to ticks, mosquitoes, and 
chiggers is the histologic picture of the eschar or primary lesion of 
scrub typhus (tsutsugamushi disease). In the eschar, eosinophilic 
leukocytes are absent or rare. This disparity is of interest because of 
the close taxonomic relationship of the larval mite of scrub typhus 
' {TromhiciHa akamushi and- other species) to the chigger (larval mite 
of Troinbicula irritajts'). Of course, in the eschar there is the added 
factor that rickettsiae are included in the lesion, but these organisms 
are said not to affect the histologic reaction qualitatively.® 

One of the lesions, of 15 months’ duration produced by a tick, oc- 
curred in a Negro. Histologically, there was no appreciable epidermal 
reaction but considerable dermal infiltration. The reaction did not 
differ basically from those in the white patients, which is of interest 
'in view of the known resistance of the skin of the Negro to reactions 
to lice, mites, and other arthropods. 

Pseudo-epitheliomatous Hyperplasia 
Finally, there remains the interpretation of the principal epidermal 
reaction or pseudo-epitheliomatous hyperplasia. The , term pseudo- 
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epitlieliomatoiis hyperplasia is used commonly in the dermatologic lit- 
erature, but appears aptly chosen notwithstanding the resistance to it 
by general pathologists. The term docs not connote a “precancerous” 
state. It refers simply to hyperplastic epidermis which sends shoots 
of branching rete pegs deep into the dermis so as to simulate a squa- 
mous cell carcinoma. This simulation becomes especially marked when 
islets of epidermis appear invasive; actually they belong to the tentacu- 
lar epidermis which has been cut obliquely. This reaction, which occurs 
often at the margin of chronic cutaneous ulcers, was observed fre- 
quently in the reactions to arthropods and usually was mistaken for 
carcinoma. It is stated in the literature”’^” that the bites of insects 
have produced carcinomas. There is also a report of melanoma follow- 
ing a tick bite,^^ but this case appears to have had incomplete histologic 
study. However, the demonstration of a causal relationship in the bite 
of the arthropod to the development of the neoplasms, while of con- 
siderable fundamental interest and by no means disproved, still requires 
more direct evidence tlian is afforded by the available data. 

Summary 

A histologic study was made of the reactions to Uie “bites” of ticks, 
chiggers, mosquitoes, and unidentified arthropods. 

The reaction, which consisted of a dense dermal infiltrate character- 
ized by large numbers of eosinophilic leukocytes, plasma cells, and 
histioc5d;es, may be mistaken for Hodgkin’s disease, mycosis fungoides, 
atypical lymphoblastoma, histiocytoses, and the heterogeneous group 
of “eosinophilic granulomas.” 

The lesion is often associated with a pseudo-epitheliomatous h5q3er- 
plasia which may be confused with squamous cell carcinoma. The 
association with an eosinophilic dermal infiltrate and with epidermal 
inclusion cysts provides helpful differential clues. 

With one exception, no basic difference was noted in the histologic 
reaction of the skin to the various arthropods studied. The striking 
exception is the almost complete absence of eosinophilic leukocytes 
in the eschar or primary lesion of scrub typhus caused by the larval 
mite {Trombicula akamushi and related species). 

It is emphasized that the reaction to the “bites” of arthropods may 
persist for many months and that, in general, no appreciable difference 
is noted in the histologic reaction in lesions lasting from 3 weeks to 2 
years. It is therefore concluded that the stimulating agent of the 
arthropod somehow must persist actively in the focus of these lesions 
for a remarkably long time. 

A single cutaneous lesion with the histologic picture suggestive of 
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Hodgkin's disease or other lymphoblastoma should always be suspected 
as having been caused by the bite of an arthropod until conclusively 
proved otherwise. The history of an insect bite may not be volunteered 
after a lapse of many months. 

The cutaneous reactions of individuals, even of the same race, to 
different arthropods varies not only in the acute stage but also in the 
persistence, degree, and quality of the histologic reaction. 

It remains to be determined precisely what agent in the venom or 
embedded parts of the arthropod, or both, is responsible for the cutane- 
ous reaction. 
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DESCRIPTION OF PLATES 


All photomicrographs were made from sections stained with hcmatox>'lin and 
eosin. 


Plate 71 


Fig. I. Pseudo-epitheliomatous h>'perplasia years after an insect bite. (Army 
Institute of Pathology negative no. 95762.) 

Fig. 2. Pseudo-epitlieliomatous h>’perplasia 4 months after a tick bite. (A.I.P. 
neg. 95767.) 


Fig. 3. Pseudo-epitheliomatous hyperplasia 8 months after a chigger bite. (A.I.P. 
neg. 99865.) 


Fig. 4. Higher magnification of the tips of the pegs of epidermis seen in Figure 3, 
showing numerous mitotic figures. (A.I.P. neg. 100469.) 
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Plate 72 

Fig. 5. Vesiculalion, acanthosis, and dermal reaction 4 months after an insect 
bite. (A.I.P. neg. 99S6S.) 

Fig. 6. Spongiosis and epidermal transmigration of eosinophilic and neutrophilic 
leukocytes 4 months after a tick bite. Tlic dermal infiltrate is conspicuous. 
(A.I.P. neg. 100435.) 

Fig. 7. Epidennal inclusion cyst 7 weeks following a mosquito bite. (A.I.P. neg. 
99869.) 

Fig. 8. Giant cell proliferation together with plasma cells, eosinophilic and neutro- 
philic leukocytes comprise the reaction to the epidermal cyst seen in Figure 7. 
No parts of the insect were detectable. (A.I.P. neg. 100442.) 

Fig. 9. Giant cells admixed predominantly with eosinophilic leukocytes and histio- 
cytes. This reaction was observ'ed 7 weeks following a mosquito bite. (A.I.P. 
neg. 100471.) 

Fig. 10. Arteriolitis with swelling of cells and fibers of the entire wall, 4 months 
after an insect bite. (A.I.P. neg. 100467.) 
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Fig. II. Reaction to a tick bite after i]'-' years, showing the dense dermal infiltrate 
(“eosinophilic granuloma”) surrounding an epidermal inclusion cyst. Tlie con- 
tents of the cyst include portions of the tick. (A.I.P. ncg. 774S6.) 

Fig, 12. Higher magnification of the epidermal inclusion cyst and the enclosed 
parts of the tick shown in Figure n. (A.I.P. neg, 90949.) 

Fig. 13. Higher magnification of Figure 12, showing parts of the tick and epi- 
thelium of the inclusion cyst, several cells of which are in mitosis. (A.I.P. 
neg. 100470.) 






Plate 74 

Fig, 14. Dermal reaction 4 weeks after a lick bite, showing subepidermal edema 
and a dermal infiltrate in which the predominant cell is an eosinophilic leuko- 
cyte. (A.I.P. neg. 100613.) 

Fig. 15. Dermal reaction (“eosinophilic granuloma”) to a chigger bite after 10 
months. (A.I.P. neg. 95765.) 

Fig. 16. Dermal polymorphous reaction (“eosinophilic granuloma”) to a tick bite 
after 18 months. (A.I.P, neg. 78276.) 

Fig. 17. Reaction to a chigger bite after S months. The plasmacellular response 
simulates a syphilitic infiltrate. (A.I.P. neg. 80169.) 

Fig. 18. Large binucleated cell, and numerous plasma cells and eosinophilic leuko- 
cytes, in the inflammatorj'^ response 8 months after a chigger bite. (A.I.P. 
neg. 100439.) 

Fig. 19. A mitotic figure and many histiocA’tes with hydropic cytoplasmic changes 
in reaction 15 months after a tick bite. (A.I.P. neg. 100466.) 
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Plate 75 


Fig. 20, Reaction 10 months after a tick bite, showing dermal infiltrate with large- 
lymphoid follicles that have led to erroneous diagnoses, particularly of hinpho- 
blastoma. fA.I.P. neg. 90953.) 

Fig. 21. Prominent lymph follicles fonning part of a dermal reaction 10 months 
after a tick bite. (A.I.P. neg. 100440.) 

Fig. 22. From the same case as Figure 19, showing a hmph follicle in relation to 
sweat glands. (A.I.P. neg. 90954.) 
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Plate 76 

Fig. 23. Dermal “eosinophilic granuloma,” a reaction to the ovum of Schistosoma 
japomcim, sho^Ying superficial scaling, the ovum, adjacent epidermal inclu- 
sion, and inflammatory reaction including numerous eosinophilic leukoc>’tcs. 
(A.I.P. neg. 89563.) 

Fig. 24. Dermal “eosinophilic granuloma,” a reaction to the lar\*a of Ascaris, show- 
ing numerous eosinophilic leukocytes and foreign body giant cells. (A.I.P. 
neg. 78694). (Courtesy of J. E. Ash and S. Spitz. Patholog>' of Tropical Dis- 
eases. W. B. Saunders Co., Philadelphia & London, 1945, 350 pp.) 
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ALLERGIC HYPERGLOBULINOSIS AND HYALINOSIS (PARAMYLOIDO- 
SIS) IN THE RETICULO-ENDOTHELIAL SYSTEM IN BOECK’S SARCOID 

AND OTHER CONDITIONS 

A Morphologic Immunity Reaction* 

Gxjnnar TEiLtrM, M.D. 

{From the InstiUite for Pathological Anatomy, University of Copenhagen, 

Copenhagen, Denmark) 

Numerous investigations liave shown a close relation between 
plasma cells and the pathologic globulins included in the gamma- 
globulin fraction and consisting chiefly of antibodies against different 
agents of the nature of antigens (Ranstrdm). It may be stated here 
briefly that as early as 1913 Hiibschmann made the supposition that 
plasma cells are able to produce antibodies ; also, that Bing and Plum 
(^937) first emphasized the regular occurrence of plasma cells and 
other reticulo-endothelial cells in and outside the bone marrow in dis- 
orders associated with h3T>erglobulinemia, concluding that plasma cells 
are able to produce globulin themselves as has also been supposed 
more recently by a number of investigators, 

A parallelism between hyperglobulinemia and accumulation of 
plasma cells in different organs, in particular in the spleen, has been 
demonstrated by investigations carried out by Bjdrneboe and Gormsen 
(1943) on immunization of rabbits by means of polyvalent pneumo- 
coccal vaccine. These authors did not find an increase in plasma cells 
in h 3 qDerglobulinemia caused by injection of globulin. That hyper- 
globulinemia and increase of plasma cells should both be produced by 
the same cause, but should not otherwise be associated with one an- 
other, must be considered improbable after the demonstration by Bing, 
Fagraeus, and Thorell of the abundant content in the protoplasm of 
the plasma cell of ribose nucleotide. This substance is considered 
characteristic of the formation of proteins in cells, presumably giving 
rise to the basophilia of the cells and to their characteristic staining 
according to Unna’s method. It has been supposed by Magnus-Levy 
and numerous other investigators that plasma cells in plasma cell 
myeloma produce the proteinic substances giving rise to hyperglobu- 
linemia in myelomatosis. 

In respect to many infections by well known bacterial agents, asso- 
ciated with hyperglobulinemia, it has been well established that the 
globulin is identical with antibody. It also has been possible during 

* Aided by a grant from the legacy of P. A. Brandt, 
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recent years to demonstrate liyperglobulinemia as a frequent and 
diaracteristic symptom in pathologic conditions of a more obscure 
nature. This applies to Boeck’s sarcoid and to lupus erythematosus 
disseminatus. The cause of the hyperglobulinemia^ its nature, and its 
relation to morphologic reactions have been llnkno^Yn in these condi- 
tions. R. A. Moore in 1944 (page 545) stated that: “An unexplained 
increase of plasma globulin to 3 to 6 gm. per 100 cc. is a useful diag- 
nostic sign” (in Boeck’s sarcoid), and A. F. Coburn and D. H. Moore, 
in 1943 (page 213), said that “Hypergammaglobulinemia of unknown 
cause is a constant characteristic of disseminated lupus erytliema- 
tosus.” 

In comparative pathologic-anatomic studies of Boeck’s sarcoid, lupus 
erythematosus disseminatus, and other conditions, I have demon- 
strated, as a common feature in such disorders of different causation, 
a coincidence of hyperglobulinemia, paramyloidosis, or hyalinosis in 
the reticulo-endothelial system which is often decisive as a morphologic 
specific character, and is sometimes found in direct relation to an 
accumulation of plasma cells. In the fresh stages, precipitates of a 
homogeneous paramyloid substance are found, displaying transitional 
forms to hyaline deposits, frequently arranged in periarterial rings in 
the lymph nodes and the spleen. According to my observations, these 
changes must be considered phases of an elementary morphologic im- 
munity reaction with an underlying allergic hyperglobulinosis in the 
reticulo-endothelial system . 

The relation between these reactions in lupus erj^thematosus dis- 
seminatus will be described in a separate paper, while the findings in 
Boeck’s sarcoid in particular will be discussed here. The elementary 
reactions, however, will be described first on the basis of a case of 
Letterer-Siwe’s disease. 

Case i 

Letterer-Siwe’s Disease with Jlyperglohulinemia, Paramyloidosis, and 

Accumulation of Plasma Cells in the Reticulo-Endothelial System 

A boy, 9 years of age, was admitted to tbe Pediatric Ward of the University 
Hospital of Copenhagen (service of Dr. P. Plum) on May 6, 1946. He had had 
morbilli, pertussis, varicella, and rubeola. Following vaccination against smallpox 
at 2j4 years of age, attacks of fever developed, with a rise of temperature to 
41° C. of a few days’ duration, the temperature then becoming normal; after a 
few months there was a constant increase of temperature, being normal in the 
morning but 38° to 39° C. in the evening. When he was 3 years old his mother 
observed a swelling of his right cheek and also swollen lymphatic nodes on the 
right side of his neck; he was found to be anemic at the same time (40 per cent 
hemoglobin). Since that time he had been constantly febrile, vath a poor appetite 
and in bed for certain periods. The swelling of his cheek and of the lymphatic 
nodes persisted but varied much in size. In October, 194s, he had been admiUed 
for 5 months to “Kronprinsesse Louises Bamsjukhus” in Stockholm, where a ms- 
tologic examination of the enlarged lymphatic node from the angle of the jaw 
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gave a picture which most resembled that which is seen in eosinophilic granuloma 
of the bones or Letterer-Siwe’s disease. Moreover, the serum albumin was found 
to be 1,92 per cent (the normal being 3 to 5 per cent); globulin, 6.26 per cent 
(the normal being 1,5 to 3 per cent) ; total protein, 8.18 per cent (the normal 
being 6.5 to 7,7 per cent); albumin/globulin ratio,' 0.3 (normal, 1.5 to 2). 

On examination in the. Pediatric Ward of the University Hospital in Copen- 
hagen the patient’s face was found to be highly asymmetric, with considerable 
lateral swelling of the right cheek corresponding to the zygomatic bone. The infil- 
tration was firm, not tender, measuring about 5 cm. in the vertical direction. Below 
the edge of the jaw there were lymphatic nodes. The skin showed nothing abnormal. 
The liver and spleen could not be palpated. 

Roentgenograms of the skull showed considerable swelling of the soft parts on 
the right and a corresponding defect of the zygomatic arch posteriorly. There 
were no other alterations. The thorax, the extremities, and the pelvis displayed 
no abnormal signs roentgenologically. The sedimentation rate varied from 33 to 
123 mm., being most frequently about 50; hemoglobin, about 60 per cent; leuko- 
cytes, 11,600 to 21,000; differential count, normal; eosinophils, i to 2 per cent; 
thrombocytes, 515,000. The Mantoux (Mendel) test was negative. No abnormal 
constituents were found in the urine. Total cholesterol was 175 mg. per cent; 
serum’ albumin, 3.78 mg. per cent; serum globulin, 5.11 mg. per cent; total pro- 
tein, 8.89 mg. per cent. 

During his stay in the hospital the patient was subfebrile for certain periods. He 
was discharged on June 30, 1946. 

Histologic Examination 

Histologic examination was based on the lymph node that had been 
excised in Stockholm and on subsequent biopsies of a lymph node of 
the neck and of the tumescence on the right cheek. 

In a rather well defined area in the central part of a lymph node 
there was an accumulation of large, pale reticulum cells with abun- 
dant cytoplasm (Fig. i), resembling the epithelioid cells of the gran- 
ulomata in Boeck’s sarcoid, but without tuberculoid structure. Espe- 
cially in the peripheral parts of this area were found wide, very coarse 
bands of a homogeneous, partially hyaline substance, surrounded by a 
wide border of plasma cells which also passed in dense swarms between 
the individual bands (Fig. 2). As already mentioned, the latter were 
partially hyalinized, but in other parts they were of the nature of par- 
amyloid and did not assume a blue but a red-violet color when stained 
according to Mallory’s method. In the more peripheral parts of the 
lymph node there were finer trabecular and reticular homogeneous 
deposits in direct relation to plasma cells and reticulum cells. The 
vessels also contained a precipitate of homogeneous substance in many 
instances, the larger and smaller vessels being surrounded by concen- 
tric homogeneous rings (Fig. 3, for comparison with the alterations 
in the spleen in lupus erythematosus disseminatus), between which 
a few plasma cells and other reticulo-endothelial cells were observed. 

There were no foam cells, nor giant cells. Microscopic examination 
of tissue of the tumescence in the right zygomatic region showed a 
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uniform structure with diffuse reticulum cell proliferation wdth close- 
set cells, not especially rich in protoplasm. Reticulin staining was 
positive; sudan staining, negative. No necrosis, eosinophilia, foam 
cells, or giant cells were found. 

Histologic Diagnosis. Letterer-Shvc’s disease. 

Swnmary of Case i 

Letterer-Siwe’s disease with a protracted course in a 9-year-old boy 
began with attacks of fever following vaccination against smallpox 
when the boy was 2^4 years old. Microscopic examination of tissue 
from a focus in tlie zygomatic region showed diffuse reticulosis, while 
in the enlarged lymph nodes a large central accumulation of large, pale 
reticulum cells, rich in protoplasm, was found. The reticulum cells 
resembled the epithelioid cells in the granulomata in Boeck’s sarcoid, 
circumscribed in the peripheral parts by coarse bands of homogeneous 
substance, in some parts hyaline, in others of the nature of atjT^ical 
amyloid and surrounded by dense sw'arms of plasma cells. In addi- 
tion, homogeneous precipitates were found around the vessels in the 
form of concentric homogeneous rings resembling the periarterial alter- 
ations in the spleen in lupus erj^thematosus disseminatus. There was 
also a marked hyperglobulinemia. 

On close examination of the morphologic lesions in BoecHs sarcoid, 
all of the reactions described above can be found. However, while in 
the case of Letterer-Siwe’s disease described here they reflect only the 
immunity conditions in this particular case, the analogous reactions in 
Boeck’s sarcoid form the basis of the morphologic characteristics of 
this disease, illustrating the different phases of their development and 
explaining the nature of the hyperglobulinemia. 

It has been established that cases of Boeck’s sarcoid generally dis- 
play an increase of the serum globulin. Salvesen (1935) first drew 
attention to this fact. He found an increase of the total protein content 
in the blood in 3 cases of Boeck’s sarcoid owing to an increase of the 
globulin fraction with an albumin/globulin ratio of 0.86 to 0.51. Harrell 
and Fisher (1939) and Harrell (1940) found the total proteins to be 
over 8 gm. per cent in all but 3 of ii cases which they studied, and the 
albumin/globulin ratio was reversed in all 8 cases during the active 
stage. Normal values were found in one of these after recovery. Bing 
(1940) found an increase of the serum globulin in 2 of 4 cases of 
Boeck’s sarcoid. Fisher and Davis (1942) presented electrophoretic 
patterns for the sera of 12 cases of sarcoid, all of which had been 
proved by biopsy. In 4 cases which showed no clinical signs of activity 
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the sera were almost normal, there being only a slight decrease of 
albumin and increase of alpha globulin. Those with active lesions were 
found to have a marked elevation of the gamma globulin at the expense 
of the albumin, frequently with moderate h 5 q)erproteinemia. This 
electrophoretic pattern was similar to that which has been observed 
in association with the formation of antibodies in response to an infec- 
tious agent. 

The morphogenesis and the phasic development of the characteristic 
lesions occurring in Boeck’s sarcoid will be considered more fully in 
connection with the following case, partly on the basis of findings in 
post-mortem material and partly on the alterations of common occur- 
rence in material taken for biopsy. 

Case 2 

Boeck’s Sarcoid with Marked Paramyloidosis 

A woman, 28 years of age, was admitted to Medical Ward B of the University 
Hospital in Copenhagen (service of Dr. E. Warburg) on December 7, 1944. Her 
brother had died of pulmonary tuberculosis 9 years previously. The patient previously 
had been in good health. She was taken ill i year before admission with fatigue, 
loss of weight (15 kg.), functional dyspnea, and perspiration. She had not felt 
febrile and had had no pain in her side. 

Exainhmtion. The patient was pale and lean. She had dyspnea when resting. Her 
tonsils were small. There was no glandular swelling in her neck, but one small 
gland was found in her left axilla and small glands were found in both inguinal 
regions. The thyroid gland was not enlarged. Upon examination of the heart, the 
apex impulse was felt in the fifth intercostal space inside the midclavicular line; 
there was no murmur; the 2nd pulmonal tone was extremely accentuated. Fine 
moist rales and crepitation were heard almost everywhere. 

Roentgenologic examination of the lungs disclosed a large cavern in the left 
apex, passing through almost the entire depth of the lung. Below this there were 
a number of smaller caverns surrounded by fibrous adhesions. In the right lung 
also a large cavern was observed in the apex. On the whole, the lung was heavily 
infiltrated. 

The temperature varied from 38° to 39° C. Hemoglobin was 95 per cent; 
sedimentation rate, 27; erythrocytes, 4.87 millions; leukocytes, 6,120; blood pres- 
sure, 90/40 mm. Hg. Urine: no albumin. Wassermann test of the blood, nega- 
tive. No tubercle bacilli were found in repeated examinations of sputum. Direct 
microscopy and cultivation disclosed no tubercle bacilli. The Mantoux (Mendel) 
test was negative (all strengths, in repeated examinations). 

On December 8 the serum protein was 7.1 per cent. Fractional determination 
of protein was not made. 

On December 14, biopsy of the tonsil showed a tuberculoid structure (Boeck’s 
sarcoid ?). On December 19, biopsy of an inguinal gland shov,-ed a tuberculoid 
structure as in Boeck’s sarcoid. The patient died on Januarj' 3, 1945. 

Post-mortem Examination 

Post-mortem examination showed the bo7ic marrow of the vertebral 
column to be macroscopically unaltered. There were no alterations of 
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the skin. The tonsils were not enlarged and their cut surface was 
uniform. No ulcerations of the larynx or of the trachea was found. 

The pleurae displayed extensive fibrous adhesions. 

In the apex of the right lung a cavern was seen, measuring 3 to 4 
cm. in diameter. Its walls were discolored, with irregular trabeculae 
and cords. The pulmonary tissue below was of nodular consistence 
and grayish red. The left lung also displaj'ed a large cavern superiorly, 
measuring 6 cm. in diameter, with firm solidified areas in the walls. 
No miliary tubercles or peribronchitis were seen. The bronchial glands 
showed a large conglomeration of firm, only partially necrotic lymph 
nodes of a grayish red color, measuring 4 cm. in diameter. 

The heart presented some h3'^pertrophy of the right ventricle. Other- 
wise the nijmcardium was without alteration. The lymph nodes around 
tlie aorta formed large conglomerations of a firm consistence, having 
a pale grayish red cut surface. No necrotic areas were seen. 

The surface of the liver was smooth; it was not enlarged and the 
cut surface was unaltered. The suprarenal glands showed no signs of 
tuberculosis. The spleen was enlarged, measuring 6 by 10 by 16 cm., 
with a dry cut surface and no tubercles. Its consistence was not so firm 
as in amyloidosis. The ovaries and tubes showed no signs of tubercu- 
losis. The brain and kidneys were normal. 

A bacteriologic examination was made (at the State Serum Institute) 
of a necrotic gland and the cavernous tissue of the right lung, of other 
tissue of the right lung, the spleen and a lymph node from the hilus. 
By this examination (comprising cultivation and inoculation into 
guinea-pigs) no signs of tuberculosis were demonstrated. 

Histologic Examination 

The spleen was permeated, as were the lymph nodes, b}’- masses of 
t5npical epithelioid cells displajdng a tuberculoid structure which was 
well defined. In most areas giant cells were few or absent. The pic- 
ture was characteristic of Boeck’s sarcoid. A very extensive hyalinosis 
(paramyloidosis) was especially remarkable, however, being localized 
partly to the peripheral parts of the epithelioid-cell granulomas, in 
which broad, homogeneous, concentric rings, often two to four, were 
found (Fig. 4), and partly to certain diffuse areas in the tissue (Fig- 
S). The hyaline substance extended from the periphery into the indi- 
vidual granulomas, which were thus in many parts wholly replaced by 
hyaline masses. Around these more or less transformed cell accumula- 
tions, isolated homogeneous bands and clumps were found (Fig. 6), 
representing a more advanced phase of hyaline or paramyloid develop- 
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ment from the homogeneous “extragranulomatous precipitates” out- 
side the tuberculoid structure, which in my remaining material of 
Boeck’s sarcoid was a characteristic finding (Fig. 8). 

In their central parts the tuberculoid structures contained typical 
double-contoured and stratified, often calcified corpuscles, described 
by Schaumann, among others, as being present in tonsils and lymph- 
atic nodes in Boeck’s sarcoid, A strikingly great number of plasma 
cells, in addition to other reticulo-endothelial cells, were found around 
the epithelioid cells. There was no necrosis, but in the central parts 
of the granulomas a precipitate of a homogeneous substance without 
cellular structure was observed in several spots. In the parts of the 
spleen in which the lesions were less extensive, the follicular arteries 
were found to be surrounded by broad rings of a hyaline substance 
resembling the typical lesions in lupus erythematosus disseminatus. 
In the peripheral parts of these rings granulomata often were found, 
surrounded by hyaline bands displaying a direct continuity with the 
periarterial rings. The concentric rings in the transformed granulomata 
also bore a close resemblance to the periarterial lamellae. Staining 
according to Mallory’s method gave very fine pictures with rings of 
an intense blue from which a blue network passed between the 
intensely red epithelioid cells and into the reticulum tissue. Just as in 
case I of Letterer-Siwe’s disease, red lamellae were found scattered 
among the blue bands of hyaline substance, such lamellae also being 
conspicuous in the deep part of the splenic capsule which displayed 
a high degree of hyaline thickening. 

Jurgens’ methyl violet reaction for amyloid and Congo red staining 
were negative. 

Tubercle bacilli could not be demonstrated. 

The lymph nodes also displayed typical Boeck granulomata \vith 
marked hyalinosis (paramyloidosis). Here, too, concentric homogene- 
ous rings could be demonstrated around the smaller vessels (Fig. 7), 
reminiscent of the periarterial lesions in the spleen in lupus erythema- 
tosus disseminatus and of the alterations in a l5Tnph node in case i 
of Letterer-Siwe’s disease with hyperglobulinemia. 

The liver contained scattered typical granulomata with a few giant 
cells. No necrosis was present. 

The hmgs displayed a highly variegated picture with well defined 
epithelioid cell granulomata surrounded by hmiphocytes and in most 
instances by a hyalinized tissue, in some parts passing on to large 
structureless masses containing epithelioid cells and giant cells, a 
number of which resembled Langhans’ cells. Others resembled regular 
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giant cells of foreign body type, frequently containing the stratified, 
often calcified, corpuscles referred to in the description of tlie spleen, 
which were stained a deep blue by hematoxylin and cosin. Some of 
the granulomata resembled those of Bocck, while others could not 
be distinguished with certainty from tuberculosis. In the walls of the 
cavern an even transition from a peculiar homogeneous necrosis to 
hyalinosis was observed. No tubercle bacilli were found on microscopic 
examination. Sudan staining showed no lipoid content in the gran- 
ulomata. 

The kidneys, suprarenal glands, thyroid gland, intestines, appendix, 
and tlie pituitary gland displayed no alterations, especially no tubercu- 
loid structure. 

Summary of Case 2 

Case 2 thus was noteworthy especially for tlie following reasons: 

1. The combination of marked changes, like those seen in Boeck’s 
disease (sarcoidosis), in the spleen, lymph nodes and lungs, with altera- 
tions in the lungs which, as far as the clinical features and the macro- 
scopic picture are concerned, bore a close resemblance to tuberculosis 
(caverns), but without any tubercle bacilli being found on cultivation 
or microscopic examination, the tuberculin reactions also being nega- 
tive. These findings may be made to correspond perfectly well with 
the prevailing Scandinavian view of Boeck’s sarcoid as a form of 
tuberculosis with a high immunity (positive anergy, discussed later). 

2. The combination of typical Boeck granulomata with paramy- 
loidosis (hyalinosis) , especially in the spleen, in which, in this connec- 
tion, the close relation between the hyalinized border zone of the 
granulomata and the periarterial hyalinosis was noted in particular. 
This must be considered identical with the findings described above in 
Letterer-Siwe’s disease with hyperglobulinemia, and with the lesions 
occurring in at3^ical and experimental amyloidosis, and in lupus ery- 
thematosus disseminatus. 

Discussion 

The paramyloidosis in Boeck’s sarcoid must be considered a definite 
phase of the development of the lesions, with an allergic hyperglobuli- 
nosis in the reticulo-endothelial system as the underlying primary 
cause. The paramyloid phase and the hyperglobulinemia in Boeck’s 
sarcoid as well as in the other conditions mentioned must be considered 
. an elementary immunity reaction in the reticulo-endothelial system. 

In preparations from a number of other cases of Boeck’s sarcoid, 
chiefly from lymph nodes, tonsils, and skin, I found good conformity 
with the view advanced here concerning the nature and phasic develop- 
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merit of the Boeck lesions, the morphologic structure of the lesions on 
the whole showing that a gradual development takes place from pre- 
cipitate (Figs. 8, 9, and lo) to hyalinosis. The following features may- 
be stressed in this connection: 

1. Granulomata with large, pale epithelioid cells with complete ab- 
sence of necrosis; 

2. Outside the actual tuberculoid structure, precipitates of a homo- 
geneous substance {i.e., extragranulomatous p’ecipitates) of the same 
nature as that observed in the granulomata, staining in the same man- 
ner and forming homogeneous bands or clumps between the typical 
granulomata (Fig. 8); 

3. A central homogeneous area in the granuloma, which is some- 
times interpreted as slight or early necrosis, represents a similar pre- 
cipitate, corresponding alterations also being observed in some in- 
stances in the walls of the vessels; 

4. Preparations from cases of Boeck’s sarcoid in the different phases 
of the disease show all transitions, from the precipitation of homo- 
geneous eosinophilic substance (Figs. 8, 9, and 10) to marked par- 
amyloidosis as in case 2 , with broad concentric hyaline rings beginning 
peripherally in the individual granulomata (Fig. 4), which are gradu- 
ally replaced by clumps of hyaline tissue (Fig. 6) ; 

5. In most cases plasma cells in strikingly great numbers are found 
in direct relation to these paramyloid rings; 

6. A marked periarterial hyalinosis in the spleen was localized to 
the follicular and the penicillary arteries, resembling the alterations in 
the spleen in lupus erythematosus disseminatus which will be dealt 
with in a subsequent publication. 

Considering lastly the conformity with the findings in case x of 
Letterer-Siwe’s disease (large, pale epithelioid cells without any ne- 
crosis; depositing of paramyloid beginning in the peripheral parts and 
in relation to the accumulation of plasma cells ; extensive homogeneous 
and paramyloid deposits independent of the granulomata and giving 
the same staining reactions as the latter; vascular rings and hyper- 
globulinemia, which is a characteristic symptom in Boeck’s sarcoid), 
I consider it highly probable that the morphologic lesions in Boeck^s 
sarcoid represent a serologic hyaline {paramyloid) precipitation, hav- 
ing as its starting point a globulin-precipitate, especially in the reticulo- 
endothelial system. 

In a number of preparations from different cases of Boeck’s sarcoid 
stained according to Unna’s method, the epithelioid cell granulomata 
and homogeneous precipitates during the active stage assumed a deep 
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red color, in contrast with the granulomata in tuberculosis. This must 
be considered as a further support of the view that a hyperglobulinosis 
is present. 

The combination of Boeck’s sarcoid and paramyloidosis, so con- 
spicuous in case 2, requires special comment. This is not, as in tubercu- 
losis with amyloidosis, a special complication but a phasic development 
of the typical morphologic lesions characteristic of Boeck’s sarcoid. It 
now appears that tlie reactions described in Bocck’s sarcoid and in 
case I of Letterer-Siwe’s disease, like the increase of globulin in these 
conditions, are quite similar to the reactions previously demonstrated 
in “experimental amyloidosis” after immunization, so that the view of 
Boeck’s sarcoid advanced above as an immunity reaction in which a 
hyperglobtdhiosis in the reticulo-endothelial system forms the basis of 
the morphologic lesions (reticulosis ending in paramyloidosis) as well 
as of the h)qDerglobuIinemia, can easily be made to correspond with 
previous findings in such immunization experiments. 

Hass, Huntington, and Krumdieck, in 1943, stressed that: “It seems, 
therefore, that persistent or repeated stimulation of immune mecha- 
nisms is a fundamental factor in the genesis of amyloid disease.” The 
only exception stated is the t\q3e seen in plasma cell myeloma. 

Loescheke (1927) carried out sensitization experiments in rats wdth 
a 5 per cent solution of casein sodium and, soon after the first intra- 
peritoneal injection, found a considerable Increase in the volume of 
the spleen, with enlarged reticulum cells -which were constantly increas- 
ing in number. He presumed that antigen-antibody reacted with one 
another, with the formation of an insoluble precipitate. All that is 
termed hyalin was said by him to be the morphologic expression of 
such antigen-antibody fixation, whereas amyloid was perceived as a 
special case of the serologic precipitation of hyalin, which is present 
primarily only at the place of formation of the antibody, /.c., in the 
reticulo-endothelial system. Just as the specificity of the formation of 
antibody against different proteins is stressed, we must, according to 
Loescheke, recognize specific forms of hyalin, of which, however, only 
amyloidosis is open to a histologic characterization. Still, it also ap- 
plies in part to the atypical amyloidosis (paramyloidosis) described 
here and also to the depositing of amyloid in plasma cell myeloma, 
termed paraproteinosis (Apitz). 

As early as 1926 Letterer pointed out hyperglobulinosis, i.e., the 
increased liberation of globulin from the ceils to the tissue sap and 
to the blood, as the primary basis of amyloidosis (J-.e., experimental 
amyloidosis), stating that it may be caused both by the loiown funda- 
mental disorders and by protein therapy, and also emphasizing the 
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absolute, or at least relative, increase of serum globulin in such condi- 
tions. Lastly, mention may be made of the atypical amyloidosis in 
serum horses described by Arndt, and others, in which “the reticulo- 
endothelial cell reaction” seems to be of constant occurrence. Reticulo- 
endothelial reactions were present at all stages, when the animal had 
been immunized once, while amyloidosis occurred only when the ani- 
mal had been used for the production of serum for 8 months at the 
earliest, and was fairly constant after i6 months. According to Arndt, 
such reticulo-endothelial alterations may appear as a precursory stage 
of amyloidosis, having in the spleen a typical perinodular localization 
in the splenic follicles; the serum horse also frequently displays very 
marked hyperglobulinemia. 

With regard to pathogenesis, structure, phasic development (reticu- 
lum cell proliferation and precipitation), localization, and alterations 
in the blood, the points of resemblance between such forms of experi- 
mentally produced at3q5ical amyloidosis and the findings in Boeck’s 
sarcoid, as described here, are so striking that we have to reckon with 
completely parallel processes. The morphogenetic interpretation of 
the alterations in Boeck’s sarcoid given above tells us nothing about 
the etiology of the disease; it may, however, easily be made to agree 
with the prevailing view of tuberculosis and Boeck’s sarcoid as two 
phases of the same disease, supported as this view is by a number of 
publications (Lemming, Kallos, and Warfvinge, and others). 

As has been pointed out by Hellerstrdm, a special form of anergy is 
present in Boeck’s sarcoid in all cases, which is fundamentally differ- 
ent from the anergy found in the organism that is not infected by tu- 
bercle bacilli. This type of reaction (of positive anergy) is doubtless 
the outcome of an especially high degree of immunity; “the organism 
tackles the tuberculin so rapidly that no reaction, or only a faint one, 
appears” (J. Jadassohn). 

That the morphologic reactions dealt with here must be considered 
allergic immunity reactions is also illustrated by the unquestionable 
etiologic importance of the vaccination against smallpox in the case 
of Letterer-Siwe’s disease reported as case i. Also, in a case of typical, 
histologically verified Boeck’s sarcoid, described by Lemming, in which 
the tuberculin reaction was negative, Boeck’s sarcoid developed in the 
skin at the site of intradermic injection of B.C.G. vaccine, Mendel’s 
reaction remaining negative after the injection. 

While the described morphologic immunity reaction ( hyper globuli- 
nosis, paramyloidosis) in Boeck’s sarcoid constitutes an essential part 
of the morphologic characteristics of that disease, similar reactions 
must also be supposed to play an important role in a number of other 
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disorders. This applies to lupus erythematosus disseminatus, which 
will be dealt with in the article that follows, and also to syphilis, lym- 
phogranuloma inguinale (and certain cases of tuberculosis), in which 
specific “necroses” and hyalinosis, often in relation to plasma cell 
accumulation, arc of frequent occurrence, hjTDerglobulinemia having 
been demonstrated also in such cases (Bing), 

In these and in other special disorders associated with hyperglob- 
ulinemia, reactions analogous to atypical (and experimental) amyloid- 
osis must henceforward be considered decisive for the morphologic 
specific pattern. 

Summary 

As a feature common to Boeck’s sarcoid and a number of other 
pathologic conditions associated with hyperglobulinemia, the reticulo- 
endothelial system is found to contain precipitates of a homogeneous 
substance passing on to hyalinosis (paramyloidosis). The alterations 
with regard to pathogenesis, structure, and phasic development (pro- 
liferation of reticulum cells and precipitation), localization, and altera- 
tions of the blood (hyperglobulinemia) must be considered analogous 
to at5pical and experimental amyloidosis. The common primary basis 
is supposed to be an allergic hyperglobulinosis in the reticulo-endo- 
thelial system, determined by persistent or repeated stimulation of 
immune mechanisms. 

In Boeck’s sarcoid the following points, among others, are thus 
explained: 

1, The localization in the reticulo-endothelial system. 

2. The morphologic features (epithelioid-cell granulomata without 
any tendency to necrosis; the occurrence of “extragranulomatous” 
precipitates; the paramyloid phase with frequently concentric, hyaline 
rings in the border zone; the development of a periarterial hyaline zone 
in the spleen and in other organs, analogous to the periarterial fibrosis 
of the spleen in lupus erythematosus disseminatus), 

3. The occurrence of hyperglobulinemia, which is a useful diagnostic 
sign in Boeck’s sarcoid, 

4, The state of immunity, in accordance with the generally accepted 
view of Boeck’s sarcoid as a condition with a high immunity (positive 
anergy) . 

Like the different antibodies, various forms of hyalin and paramy- 
loid must also, after these findings, be considered products of plasma 
cells and other reticulo-endothelial cells, 

BIBLIOGRAPHY 

Apitz, K. Die Paraproteinosen. Virchows Arch. f. path. Amt., 1940, 306, 631- 
699. 



ALLERGIC HYPERGLOBULINOSIS AND HYALINOSIS 


401 


Amdt, H. J. Retikuloendotliel und Amyloid. Verhmidl. d. deutsch. path. Gesellsch., 
1931, 26, 243-250. 

Bing, J. Further investigations on hyperglobulinemia. Acta med. Scandimv., 1940, 

103, 547-583* 

Bing, J., Fagrffius, A., and Thorell, B. Studies on nucleic acid metabolism in plasma 
cells. Acta physiol. Scandimv., 1945, 10, 282-294. 

Bing, J., and Plum, P. Serum proteins in leucopenia. (Contribution on the ques- 
tion about the place of formation of the serum proteins.) Acta med. 
Scandimv., 1937, 92, 415-428. 

Bjomeboe, M., and Gormsen, H. Experimental studies on the role of plasma 
cells as antibody producers. Acta path, et inicrobiol. Scajidinav., 1943, 20, 
649-692. 

Cobum, A. F., and Moore, D. H. The plasma proteins in disseminated lupus 
erythematosus. Btdl. Joints Hopkins Hosp., 1943, 73, 196-220. 

Fisher, A. M., and Davis, B. D. The serum proteins in sarcoid: electrophoretic 
studies. Bidl. Johns Hopkins Hosp., 1942, 71, 364-374. 

Harrell, G. T. Generahzed sarcoidosis of Boeck; clinical review of ii cases, with 
studies of blood and etiologic factors. Arch. hit. Med., 1940, 65, 1003-1034. 

Harrell, G. T., and Fisher, S. Blood chemical changes in Boeck’s sarcoid with 
particular reference to protein, calcium and phosphatase values. J. Clin. 
Investigation, 1939, 18, 687-693. 

Hass, G. M., Huntington, R., and Krumdieck, N. Amyloid. III. The properties 
of amyloid deposits occurring in several species under diverse conditions. 
Arch. Path., 1943, 35, 226-241. 

Hellerstrom, S. Dermatologiska synpunkter pa betydelsen av negativ tuberkulin- 
reaktion. Nord. med., 1942, 15, 2567-2570. 

Hubschmann, P. Das Verhalten der Plasmazellen in der Milz bei infektiosen 
Prozessen. Verhandl. d. dentsch. path. Gesellsch., 1913, 16, 110-115. 

Jadassohn, J. Cited by Hellerstrom. 

Kallos, P. Beitrage zur Immunbiologie der Tuberkulose. Monographie. Stock- 
holm, 1941. 

Lemming, R. Development of Boeck’s sarcoid at the place on the skin where a 
BCG vaccination had been made in a case of Schaumann’s disease. Acta 
med. Scandinav., 1942, no, 151-160. 

Letterer, E. Studien iiber Art und Entstehung des Amyloids. Beitr. z. path. Anat. 
ii. z. allg. Path., 1926, 75, 486-588. 

Loeschcke, H. Vorstellungen uber das Wesen von Hyalin und Amyloid auf Grund 
von serologischen Versuchen. Beitr. z. path. Amt. u. z. allg. Path., 1927, 77, 
231-239. 

Magnus-Levy, A. Multiple Myelome. Acta med. Scandinav., 1938, 95, 217-280. 

Moore, R. A. A Textbook of Pathology. W. B. Saunders Co., Philadelphia & 
London, 1944, p. 545. 

.Ranstrom, S. On the term “essential hyperglobulinemia” and “premyeloma.” Acta 
med. Scandinav., 1946, 124, 134-147. 

Salvesen, H. A. The sarcoid of Boeck, a disease of importance to internal medi- 
cine. Acta med. Scandinav., 1935, 86, 127-151. 

Warfvinge, L. E. Boeck’s sarcoid, experimentally produced by virulent, human 
tubercle bacilli in a case of Schaumann’s disease. Acta med. Scandimv., 
1943, 1 14, 259-270. 


[ Illustrations follow ] 



DESCRIPTION OF PLATES 


PlATE 77 

Fig, I. Case i. Epithelioid-cell reaction in a Ijonpii node in Letterer-Siwe’s dis- 
ease TOth hyperglobulincmia. Hematoxylin and eosin stain. X 135. 

Fig. 2. Case i. Hyalinosis (paramyloidosis) wnth plasma cell accumulations in a 
lymph, node, Hematoxjdin and eosin stain. X 320. 

Fig. 3. Case i. Periarterial hyaline (paramyloid) rings in a l>mph node. Hema- 
toxylin and eosin stain, X 220, 
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Pi. ATE 78 

Fig. 4. Case 2 . Lymph node. Boeck granulomata with concentric paramyloid 
rings in the peripheral parts. Hcmato.\ylin and eosin .'tain. X 220 . 

Fig. 5. Case 2, Lymph node. Boeck's sarcoid, passing on to diffuse paramyloidosis. 
Hemato.xylin and eosin stain. X 150. 

Fig. 6. Case 2. Boeck’s sarcoid in spleen. Paramyloidosis beginning in the periph- 
eral part of a granuloma. In the circumference isolated paramyloid bands 
and clumps are present. (For comparison with the c.vtragranulomatous pre- 
cipitates in Fig. S.) Hemato.xylin and eosin stain. X 320. 
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Fig. 7. Case 2. Periarterial hyaline (paramyloid) rings in a lymph node in Bocrk's 
sarcoid. (For comparison -with Fig, 3.) Hematoxylin and cosin stain. X 2^0. 

Fig. S. Extragranuloma tons homogeneous precipitates (lymph node) without 
hyalinosis; a common finding in Bocck's sarcoid. (For comparison with Fig. 6.) 
Hematoxylin and eosin stain. X 200. 

Fig. 9. Extragranulomatous precipitates (hanph node, Boeck’s sarcoid). Hema- 
toxylin and eosin stain. X 240. 

Fig. 10. Lxnnph node in Boeck’s sarcoid. Homogeneous precipitates assuming a 
red color when stained by Mallor>’’s method. X 240. 

















HYPERGLOBULINEMIA, PERIARTERIAL FIBROSIS OF THE SPLEEN, 
AND THE WIRE LOOP LESION IN DISSEMINATED LUPUS ERYTHEM- 
ATOSUS IN RELATION TO ALLERGIC PATHOGENESIS* 

Gunnar Teilum, MD. 

{From the Institute for Pathological Anatomy, University of Copenhagen, 

Copenhagen, Denmark) 

As a common feature of Boeck’s sarcoid and a number of other con- 
ditions associated with hyperglobulinemia, I have described in the pre- 
ceding article (1948) the precipitation, especially in the reticulo- 
endothelial system, of a homogeneous amyloid-like substance, passing 
on to hyalinosis, which, in the spleen and in l3maphatic nodes inter alia, 
frequently occurs in the form of concentric rings. This is apparently 
an elementary morphologic immunity reaction with an underlying 
allergic hyperglobulinosis in the reticulo-endothelial system. That study 
emphasized the importance of this reaction in Boeck’s sarcoid as an 
essential alteration pathogenetically related to the experimental “amy- 
loidosis” observed after immunization. Those findings will be applied 
to lupus erythematosus disseminatus in the present study. 

Investigations of recent years have shown that lupus erythematosus 
disseminatus very often is associated with hyperglobulinemia (Coburn 
and Moore, 1943, Thyresson, 1944) of unknown nature. Coburn and 
Moore (page 213) stated: “Hypergammaglobulinemia of unknown 
cause is a constant characteristic of disseminated lupus erythema- 
tosus.” 

In this disease the spleen, moreover, is the seat of a peculiar periar- 
terial fibrosis confined to the central and penicillary arteries, which was 
first observed by Sacks (Libman and Sacks) ; it was described later 
by Klemperer, Pollack^ and Baehr (1941) and Kaiser (1942), among 
others. This periarterial fibrosis, although not specific for lupus ery- 
thematosus, nevertheless is known to occur with a high frequency in 
this disease, as stated by Kaiser, who (page 38) further adds: “The 
connection between the periarterial fibrosis and the other lesions of dis- 
seminated lupus erythematosus is obscure.” 

It will be shown in the following study that the hyperglobulinemia 
and periarterial fibrosis occurring in the spleen in lupus erythematosus 
disseminatus are identical, pathogenetically and morphologically, with 
the alterations in Boeck’s sarcoid and the atypical amyloidosis de- 
scribed in the preceding article (1948), having allergic hyperglobulino- 
sis as a common primary foundation. 

^ Aided by a grant from the legacy of P, A. Brandt. 

Received for publication, May 21, 1947. 
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Allergic Pathogenesis and Morphogenesis oj Lupus 
Erythematosus Disseminatus 

The nature of the hyperglobulincmia and the periarterial fibrosis 
in the spleen in lupus erythematosus disseminatus must be considered 
in connection with the patliogcnesis, which will tlierefore be mentioned 
here briefly. A discriminating survey of the different views of the 
nature of the disease, from 1872 to 1942, has been given by Libman 
who, in 1924, together witli Sacks, described its special form of valvu- 
lar and mural endocarditis. In a very thorough morphologic descrip- 
tion by Klemperer, Pollack, and Baehr (1941), the alterations 
observed in lupus erythematosus disseminatus are considered '‘local 
manifestations of the widespread damage of collagen.” These authors 
dissociated themselves from a concept of allergic patliogcnesis, as they 
wrote: “Furthermore, the classic clinical evidences of hypersensitivity 
so frequently observed in periarteritis nodosa are lacking in dissemi- 
nated lupus erythematosus. It would be a mistake, therefore, to speak 
glibly of lupus erythematosus disseminatus as an allergic disease — at 
least in the narrow sense of the term.” The slight cellular reaction and 
the absence of a specific granulomatous phase are also stressed as con- 
trasting with the ordinary findings in acute or granulomatous inflam- 
mation. 

However, the miliary granulomata and nodular necrosis of focal 
occurrence in the serosa (parietal and visceral pleura), macroscopi- 
cally visible as clustered grayish white nodules resembling miliary 
tubercles and described in my previous publications (1945, 1946), 
afford proof of the allergic nature of the disease; these alterations have 
to be interpreted as special phases of an allergic morphologic tissue 
reaction in conformity with the t3q)icai localization of the disease to 
the serous membranes. The focal allergic pneumonia described (1946), 
the endocarditis and the alterations in a number of other organs, such 
as lymph nodes, kidneys, vessels, and connective tissue, must hence- 
forth also be regarded in the same way and may, in certain of their 
phases, be completely parallel with Arthus’ allergic necrosis (1946). 
With regard to the Arthus phenomenon, reference may be made to 
Culbertson’s demonstration (1935) of the fact that it is clearly de- 
pendent on the occurrence of circulating antibody, tlius being of the 
same nature as anaphylaxis. After neutralization of the circulating 
precipitin, the phenomenon could no longer be elicited. Apart from 
all differences, I now see obvious pathogenetic points of resemblance 
with the conditions dealt with more fully in the preceding article 
(1948), Boeck’s sarcoid and the morphogenetically related experi- 
mental atypical amyloidosis, in which “persistent or repeated stimula- 
tion of immune mechanisms is a fundamental factor in, genesis.” 
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HyperglobuUnemia in Lupus Erythematosus Disseminatus 

Both in the conditions mentioned above and in lupus erythematosus 
disseminatus an increase of the serum globulin is found. In the latter 
disease, this is a characteristic symptom of frequent occurrence. It 
was first pointed out by Coburn and Moore (1943), who found an 
inversion of the albumin/globulin ratio in 15 patients, all of them being 
females between 6 and 36 years of age. In most of tlie cases the total 
protein was within normal limits. Each albumin determination was 
below the normal (mean value, 3.1), whereas each patient had a total 
globulin above the normal (mean value, 3.8) and each euglobulin 
value was found to be considerably increased (mean value, i.o). 

Electrophoretic analyses showed that this increase of globulin was 
to be found chiefly in the gamma fraction with an abnormally low 
albumin/globulin ratio. The other globulin fractions were approxi- 
mately normal. Among other conditions in which such abnormally 
large quantities of gamma-globulin have been demonstrated, mention 
is made of the serum of hyperimmune antipneumococcal horses, 
Boeck’s sarcoid, lymphogranuloma venereum, and certain cases of 
plasma cell myeloma. 

Periarterial Fibrosis of the Spleen in Lupus Erythematosus 

Disseminatus 

The high frequency of periarterial fibrosis of the spleen in dissemi- 
nated lupus erythematosus is apparent from the literature (see Kaiser, 
page 31). Klemperer, Pollack, and Baehr (1941, 1942) ascertained 
its presence in 19 of 20 cases; Kaiser, in 15 of 18 cases. 

Klemperer, Pollack, and Baehr (1941, 1942) described this lesion 
as a special periarterial fibrosis confined to the central and penicillary 
arteries, which in cross sections display concentric rings consisting 
of thick collagenic fibrils produced at the sacrifice of periarterial 
lymphatic tissue. In one of their cases many of the newly formed col- 
lagenic fibrils showed signs of fibrinoid degeneration, eosinophilic 
swelling and homogenization, and even basophilia. 

Kaiser found macroscopic perisplenitis in 10 of 18 cases and con- 
sidered periarterial fibrosis present when the periarterial collagen of 
the follicular and penicillary arteries, which normally is closely packed 
and without evidence of hyalinization, was found to be present in at 
least three layers, around at least half the circumference of the vessels, 
producing the appearance of concentric rings. Kaiser stated that this 
collagen was hyaline in most cases, and in others it was partially 
broken down to granular eosinophilic material. In most instances the 
majority of the smaller arteries were affected, whereas periarterial fi- 
brosis was not found in relation to the, medium or large arteries, or 
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around any of the venous structures. As a consequence of the fibrosis, 
the average diameter of the follicular vessels was found to have in- 
creased to about 125 /X in the cases affected, as compared to the normal 
average of 60 to 75 /x. 

Periarterial Hyalinosis in Allergic Conditions Associated with 

Hypcrglobidinosis 

After the demonstration of similar hyaline periarterial alterations 
in the spleen in lupus erytliematosus disseminatus and in various other 
disorders, I have arrived at tlie view that the periarterial fibrosis in 
lupus erythematosus disseminatus is not specific; it is essentially dif- 
ferent from the focal allergic reactions with necrosis and granuloma 
formation described in the latter disease. It is a lesion of the spleen 
which is common to a number of different disorders which have in 
common the feature of displaying an allergic hypcrglobulinosis of the 
reticulo-endothelial system with persistent or repeated stimulation of 
immune mechanisms as the fundamental factor in the genesis. 

a. Lupus Erythematosus Disseminatus 

In my previous description (1945, 1946) of the allergic lesions in 
the narrowest sense of the term (miliary granulomata and nodular 
foci of necrosis) which occur in lupus erythematosus disseminatus, the 
alterations of the spleen were not mentioned. Both of the cases re- 
ported (1945), however, displayed a typical periarterial hyaline zone 
with concentric rings. In case i (no. 366/44) the follicular and penicil- 
lary arteries of the spleen were thus found to be surrounded by con- 
centrically arranged hyaline bands (Fig. i) forming up to five lamellae 
which caused the external diameter of the vessels to be more than 
twice normal. The individual rings were composed of large and small, 
often slightly wavy, disconnected hyaline lumps which assumed a red 
color when stained according to the van Gieson-Hansen method, and 
a deep blue color with Mallory’s stain. When the latter staining method 
was employed, the vascular wall itself was seen to contain an intensely 
red-colored substance, and in the parts peripheral to the latter a few 
coarse, red, Mallory-stained filaments could be observed in relation to 
the blue hyaline bands, small red bands also being seen peripherally 
or between the hyaline rings. In the circumference and scattered be- 
tween the hyaline rings numerous reticulo-endothelial cells were seen, 
including a few plasma cells which assumed an intensely red color 
when stained according to Unna’s method. The hyaline substance did 
not give an amyloid reaction with Jurgens’ methyl violet or Congo red 
staining. 

Case 2 of lupus erythematosus disseminatus (no. 447/44) displayed 
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a similar picture (Fig. 2). Here, too, scattered reticulo-endothelial 
cells were observed around and between the hyaline rings. With regard 
to the structure of the periarterial fibrosis of the spleen in lupus 
erythematosus disseminatus, reference may also be made to the more 
detailed descriptions in the articles by Klemperer, Pollack, and Baehr 
and by Kaiser. 

b. Periarterial Hyalinosis of the Reticulo-Endothelial System 
Associated with Allergic Plasma Cell Reaction 

In various previous observations (Bing and Plum, Bjdrneboe and 
Gormsen) a connection between an accumulation of plasma cells and 
other reticulo-endothelial cells and hyperglobulinemia in different path- 
ologic conditions and immunization has been demonstrated, a fact 
greatly supporting the supposition that these cells are themselves able 
to produce globulin. The allergic hyperglobulinosis and hyalinosis 
(paramyloidosis) described in the preceding article (1948) as occur- 
ring in the reticulo-endothelial system and which I have considered 
as the basis of the alterations dealt with here must, however, be asso- 
ciated with this property of the cells. It now appears that whereas 
large accumulations of plasma cells do not seem to be of common 
occurrence in the reticulo-endothelial system in lupus erythematosus 
disseminatus, a periarterial fibrosis of the spleen and of lymph nodes, 
completely corresponding to the alterations in lupus erythematosus 
disseminatus, may be accompanied in other conditions with allergic 
hyperglobulinosis and hyperglobulinemia by a marked accumulation 
of plasma cells. In some cases an allergic plasma cyfo sis of this nature 
may dominate the clinical and the pathologic-anatomic pictures and 
may in a number of cases give rise to confusion with plasma cell mye- 
loma or aleukemic plasma cell leukemia. 

Case 3 

The patient was a man, 69 years of age, who previously had been in good health, 
but was admitted to the hospital because of an affection of the skin resembling 
psoriasis. It was of i year’s standing and, after admission, appeared as a typical 
lupus erythematosus. Otheradse there were no special findings in the objective 
examination. Sedimentation test: 104, no, 100 mm.; Takata’s test, positive; serum 
protein, 9 per cent; albumin/globulin, 2.2 per cent/6.8 per cent = 0.32; thrombo- 
cytes, 150,000; hemoglobin, 70 per cent; erythrocytes, 3.8 millions; color index, 
0.83; leukocytes, 3.000. Differential count: segmented forms, 44 per cent; lympho- 
cytes, 32.5 per cent; monocj'tes, 20 per cent; eosinophils, 2.5 per cent; basophils, 

I per cent. Urine; 1 plus albumin; Wassermann’s test on blood, negative; blood 
pressure, 140/70 mm. Hg; blood urea. 67 mg. per cent increasing to 331 mg. per 
cent. Temperature up to 37.6° C. The patient died in uremia. 

Post-mortem examination (no. 204/42) revealed, in addition to a 
right-sided lobar pneumonia and fibrinous pleuritis, alterations of the 
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kidnej's with rough, flat depressions on the surface and irregular nar- 
rowing of the tissue border. The consistence was increased; the vessels 
were gaping. The right kidney was slightly larger than the left. 

Histologic examimtion showed a chronic pyelonephritis and an ex- 
tremely marked periarterial fibrosis in the spleen (Fig. 5), all follicular 
and penicillarj’’ arteries being surrounded by very broad, concentric, 
hyaline rings. In contrast with the usual findings in lupus erythema- 
tosus disseminatiis, extraordinarih’- well defined plasma cell infiltrates 
(which stained according to Unna's method) were found around the 
hyaline rings and between the single lamellae of the latter. ^^Tien 
Mallory’s staining method was used, red lamellae were observed here 
and there between the others that had been stained blue. Jurgens’ 
methyl violet stain and Congo red staining for amyloid each gave nega- 
tive results. 

A coincidence of hyperglobulinemia, periarterial fibrosis of the 
spleen, and marked plasmacytosis in the spleen was thus found in this 
case. There were no findings in support of a diagnosis of plasma cell 
myeloma or aleukemic plasma cell leukemia, in which periarterial fibro- 
sis of the spleen is not seen either. Consequently, I considered this 
case to be one of allergic plasma cell reaction in the reticulo-endothelial 
system, with h3qDerglobulinosis and periarterial hyalinosis in the spleen, 
also with hjq^erglobulinemia. 

The reactions in this case are similar to those of case i of Lettercr- 
Siwe’s disease reported in tlie preceding article (1948). The findings 
in tliat case were simultaneous hyperglobulinemia and hyalinosis (par- 
amyloidosis). The concentric homogeneous rings surrounding the ves- 
sels (see Fig. 3) and marked accumulation of plasma cells are also 
similar. 

In conformity with the common features of a number of conditions 
with stimulation of immune mechanisms, the periarterial fibrosis of the 
spleen observed in lupus erythematosus disseminatus can be considered 
morphogenetically parallel in all respects to the alterations found in 
Boeck’s sarcoid, in so-called genuine am^doidosis (and paramyloido- 
sis), and also in experimental amyloidosis after immunization; i.e., it 
is a morphologic immunity reaction in the reticulo-endothelial system. 

Examination of preparations from the case of Boeck’s sarcoid in 
which post-mortem examination was made and which was reported 
in the preceding article (1948) revealed a marked periarterial fibrosis 
of the spleen (Fig. 4), in many places in close relation to the hyalin 
(paramyloid) developed around the epithelioid cell granulomata. In 
this case, too, numerous plasma cells and other reticulo-endothelial 
cells were observed between the lamellae. The hj'^aline deposits did 
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not stain like amyloid with Congo red, but with Mallory’s staining 
method numerous fine and coarser red bands were found in the hyaline 
tissue that had been stained blue. Another striking feature is the re- 
semblance between the concentric paramyloid rings in the peripheral 
parts of the granulomata in Boeck’s sarcoid (Fig. 4 of the preceding 
article) in which numerous plasma and reticulum cells were embedded 
and the hyaline periarterial rings found in lupus erythematosus dis- 
seminatus. 


Pathology of Lupus Erythematosus Disseminatus 

The periarterial hyalinosis referred to here takes a position of its 
own among the pathologic-anatomic alterations in lupus erythematosus 
disseminatus, partly owing to its constant localization, partly because 
of the sclerosing nature of the process. In these respects it is in contrast 
to the local changes observed in such cases in which there is evolution 
by stages with total, possibly fibrinoid, allergic necrosis, development 
of miliary granulomata, and secondary fibrosis (1945, 1946). 

Another lesion of frequent occurrence and constant localization in 
lupus erythematosus disseminatus is the special alteration of the 
glomerular coils of the kidneys which has been previously character- 
ized as “wire loops” because of the resemblance of the coils to bent 
wire (Baehr, Klemperer, and Schifrin). This is generally considered 
the most striking alteration of the kidney in this disorder. According 
to Klemperer, Pollack, and Baehr (1941, 1942), the coils are irregu- 
larly thickened and rigid, and are strongly eosinophilic. The thicken- 
ing is found between the endothelium and the epithelium, apparently 
in relation to the basal membrane, resembling amyloid but failing to 
respond to all staining reactions for amyloid. In other cases, as in my 
case I (1945), there is focal fibrinoid necrosis of part of the glomerular 
coils, the others remaining unaffected. There seems to be no gradual 
transition between these two forms of alteration. 

While the foci of necrosis of the glomerular coils are naturally con- 
sidered analogous to the other scattered, allergic, in the narrowest sense, 
lesions, the “wire loop lesion” seems to be essentially different and its 
nature can probably be explained on the basis of the above-mentioned 
observations. For, if we grant that in such disorders as lupus erythem- 
atosus disseminatus, Boeck’s sarcoid and atypical (genuine) amyloi- 
dosis there is, at an3r rate at certain stages, a hyalinosis of the reticulo- 
endothelial s^'stem (especialh'- of the spleen), in addition to a stimula- 
tion of immune mechanisms with hjperglobulinemia, it seems natural 
to accept the “wire loop lesion” as a h\’’alinosis analogous to the deposi- 
tion of amyloid in the kidneys. Like Loeschcke. we may here reckon 
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with specific forms of hyalin, of which only the amyloid is open to a 
histologic characterization. In “paramyloidosis” the amyloid reactions 
are not constant either. 

A relation between the wre loop lesion and the changes in so-called 
genuine amyloidosis may be illustrated by the following case. 

Case 4. Polyarthritis Chronica with Atypical Amyloidosis 

The patient was a woman, 63 years of age, who had been admitted several times 
to Department A of the University Hospital of Copenhagen, servdee of Professor 
C. Sonne, for polyarthritis chronica rheumatica. She had never been affected wnth 
rheumatic fever, but had had angina tonsillaris several times a year and also re- 
cently. The onset of the patient’s rheumatic disorder, in 1922, was associated with 
angina tonsillaris in the course of which she developed pain and swelling of the 
ankle joints, later spreading to other joints. About 18 months previously, she had 
had angina, fever, and albuminuria. Since then her condition had varied, but 
albuminuria had been present constantly. About i month before admission she 
had articular pain with increase of temperature to 39° C., in connection with 
influenza. 

On examination a systolic murmur was found over the entire precordium in 
addition to swelling and tenderness of the joints. Blood pressure was 140/110 
mm. Hg; hemoglobin, about 70 per cent; erythrocytes, 3.60 millions; leukocytes, 
7,800; differential count, 61.5 per cent segmented forms, 4 per cent eosinophils, 
1.5 per cent basophils, 25 per cent lymphocytes, 8 per cent monocytes. Wasser- 
mann test of the blood, negative; complement deviation reaction for gonococcal 
antibodies, negative. 

On her first admission in 1942 the sedimentation test was from 34 to 91 mm. in 
15 examinations made at regular intervals. On her second admission (from Febru- 
ary 6 to May 1, 1946) it was found to be increasing evenly: Feb. 7, 82; Feb. ii, 
91; Feb. 23, 92; March 2, 117; March 9, 107; March 13, 117; April 3, 144; 
April 13, 154; April 20, 140 mm. At the same time there was increasing albu- 
minuria (up to 20 gm. per liter), increasing blood urea values (Feb. 7, 23; April 3, 
82; April 13, 90 mg. per cent), and increasing serinn globulin values: 



Total protein 

Albumin 

Globulin 


per cent 

per cent 

per ceiit 

2/11/46 

6.0 

3-2 

2.8 

3/13/46 

6.4 

2.9 

3-S 

3/16/46 

6.0 

2.7 

3-3 


On her first admission, in 1942, the antistreptolysin titer was found to be in- 
creased (200); later it was normal. 

Post-mortem examination (no. 212/4(3) showed pronounced brown- 
ish pigmentation of the skin, especially of the parts normally exposed 
to light. The liver was of normal size, with slightly increased consist- 
ence and giving a faintly positive amyloid reaction (iodine-potassium 
iodide). The spleen measured 15 by 8 by 4 cm., weighed 280 gm.; the 
cut surface was firm, elastic, and translucent. The kidneys were of 
normal size, displaying a slight granulation of the surface. The cortex 
had narrowed, and was pale. Spleen, kidneys, and suprarenal glands 
gave an intense amyloid reaction. Post-mortem diagnosis: Progressive 
polyarthritis; amyloidosis, marked in spleen, kidneys, and adrenals, 
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and mild in liver and small intestines; emaciation; melanoderma; bi- 
lateral hydrothorax; Addison’s disease due to amyloidosis(?). 

Histologic examination. In the periarterial zones to which the fibro- 
sis is localized in lupus erytliematosus, the spleen displayed homogene- 
ous rings which assumed a purple-red color when stained according to 
Jurgens’ method for amyloid. A similar substance was demonstrated 
in the intima, and in homogeneous clumps surrounding the vessels. 
There were numerous plasma cells. 

The kidneys displayed marked glomerular alterations, with deposits 
of homogeneous substance between endothelium and epithelium in the 
coils, not so massive as they are normally seen in amyloidosis, but 
bearing a close resemblance to the wire loop lesion (Fig. 5). The sub- 
stance assumed a blue color with Mallory’s stain. With Jurgens’ 
method it gave a faintl}’’ positive amyloid reaction. Congo red staining 
was negative. The amyloid and numerous casts in the tubules assumed 
a red color when stained according to Unna’s method. The walls of the 
arterioles also contained large deposits. 

In the course of a comparatively short time this patient presumably 
developed an at3rpical am3doidosis simultaneously with a highly in- 
creasing sedimentation reaction and an increase of the serum globulin. 
The spleen contained homogeneous deposits around the follicular ar- 
teries, in the kidneys deposits were found bearing a close resemblance 
to “the wire loop lesion” in lupus erythematosus disseminatus, and 
numerous homogeneous cylinders were present in the tubules staining 
in the same manner and presumably representing deposits of a globu- 
lin-like substance. 

The underlying common immunity reaction was described in the 
preceding article (1948). Mention may also be made here of Stoeber’s 
description (1934) of cases of allergic conditions combined with so- 
called genuine amyloidosis, and of Cazal’s case of amyloidosis in a 
7-year-old girl with “un etat d’anaphylactique” as the only etiologic 
factor. It appears to me to be natural to associate both the splenic 
periarterial hyalinosis and “the wire loop lesion” in lupus er3rthema- 
tosus disseminatus with the allergic hyperglobulinosis of the reticulo- 
endothelial system after the analogy of the conditions in atypical amy- 
loidosis and paramyloidosis. In this way “the wire loop lesion” of the 
kidney would have to be considered a glomerulonephrosis like glomer- 
ular amyloidosis, consisting in the deposition of a globulin product 
between the endothelium and the epithelium in the capillary coils. 
Special immunobiologic conditions as well as the time factor must be 
supposed to be of importance in the development of the alterations 
and to their degree in the individual cases. It may be mentioned here 
that in the case of lupus ' erythematosus disseminatus previously de- 
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scribed by me (1945), and not displaying any signs of tlie wire loop 
lesion but widespread focal allergic lesions with necroses and develop- 
ment of granulomata, the symptom of hyperglobulinemia was lacking. 

A distinction presumably should be made between different phases 
of the disease. A whole series of lesions which are allergic in the nar- 
rower sense (Teiluni, 1946) are thus pathogenetically related to peri- 
arteritis nodosa, arteriolitis granulomatosa allergica, and to some extent 
resemble allergic reactions in serum sickness and experimental sulfa- 
thiazole intoxication described by Rich (1942) and in allergic syn- 
dromes of other nature (Bergstrand), In other cases tlie deposition of 
coagulable material resembling amyloid is the predominant feature, es- 
pecially in the spleen and the glomeruli, but presumably also in the 
walls of the vessels. These last mentioned cases thus display morpho- 
genetic features in common with “genuine” or at3T3icaI, and also ex- 
perimental amyloidosis, and with the conditions with hyperglobuline- 
mia, in particular Boeck’s sarcoid, mentioned in the preceding publica- 
tion. It is possible that we may in certain cases distinguish between 
an anergic form (positive anergy), in conformity with the conditions 
found in Boeck’s sarcoid, and an allergic form in the narrower sense 
of the term, with preponderance of necrosis, possibly with cellular 
resorption and development of granulomata (Teilum, 1946). 

Besides the relation already described between lupus erythematosus 
disseminatus and other allergic conditions (Teilum, 1946), a certain 
connection with such conditions as scleroderma, purpura haemor- 
rhagica, and dermatomyositis (see Libman) also has been proposed. 
The connection between hyperglobulinemia, alterations in spleen and 
kidneys in lupus erythematosus disseminatus, and genuine and experi- 
mental amyloidosis seem to elucidate these conditions. 

The occurrence of amyloid nodes in the skin has thus been demon- 
strated in clinical scleroderma (Lubarsch, case i). In Goetz’ case of 
generalized scleroderma there was thickening of the intima in the 
blood vessels with “fibrinoid” material and alterations resembling peri- 
arteritis nodosa, a “marked thickening and increase of the perivascular 
connective tissue” being demonstrated in the spleen. In a case clini- 
cally resembling Goetz’ and described by Jorgensen, dermatomyositis- 
like alterations were found to be combined with widespread paramy- 
loidosis and increase of plasma cells in the sternal marrow (20 per 
cent). The simultaneous occurrence of periarteritis nodosa and atypi- 
cal amyloidosis has been described by Volland, and in “serum horses 
with amyloidosis Doerken often found allergic intimal granulomata 
in the hepatic veins, resembling the granulomata of endophlebitis 
hepatica. 

With regard to purpura hsemorrhagica, reference may be made to 
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the clinical picture of “purpura hyperglobulinemica” established by 
Waldenstrom, but purpura also has been described several times in 
atypical amyloidosis (e.g., Lubarsch, case 2) in which many plasma 
cells were found in, the spleen. Like hyperglobulinemia, purpura is also 
a symptom of frequent occurrence in lupus erythematosus dissemina- 
tus. Especially in cases of atypical amyloidosis with h3q)erglobulinemia 
the accumulation of plasma cells may be very considerable. Such a case 
which, like my case 3, might easily be considered one of plasma cell 
leukemia but for that accumulation, will be reported here. 

Case 5. Hyperglobulinotic {Paramyloid) Syndrome Caused by 

Sulfonamides 

A man, 58 years of age, was first admitted to Department A of the University 
Hospital of Copenhagen, service of Dr. C. Sonne, for examination because of 
albuminuria, ascertained i week before. He had no hematuria, hypertension, or 
immediately preceding infection. No previous renal disorder had been recognized. 
He had recently been suffering from fatigue and for the past 3 weeks from edema 
of the legs. Seven months previously he had had right-sided pneumonia with a 
protracted course in spite of treatment with sulfonamide (100 gm. in all). Pleuritis 
developed. When admitted for the second time he had constant albuminuria, about 
12 gm. per liter. The blood showed a simple anemia. Hemoglobin had decreased 
from 96 to 55 per cent, and the sedimentation rate was increasing, from 50 to 
lob mm. The formol-gel test was negative. There was no Bence-Jones protein 
in the urine. On Aug. 7, 1944, the total serum protein was 5.16 gm. per cent, with 
albumin, 2.36 gm. per cent, and globulin, 2.80 gm. per cent; on Dec. 19, 1945, 
serum protein was 7.5 gm. per cent, albumin, 3.10 gm. per cent, and globulin, 4.4 
gm. per cent. Blood pressure varied from 90-125/50-90 mm. of Hg. Blood urea 
determinations were: Oct. 10, 1944, 40 mg. per cent; Dec. ii, i945> ^44 niS- 
per cent; Dec. 15, 1945, 156 mg. per cent. The patient died in uremia. 

Post-mortem examination (no. 481/45) showed a widespread fibri- 
nous pericarditis. The heart measured 11 by ii cm., the weight being 
440 gm. The wall of tlie left ventricle was 17 mm, thick. The myo- 
cardium was pale, without any macroscopic signs of fibrosis or myo- 
malacia. Valves and ostia were normal. The aorta show'ed some ather- 
omatosis. There was no ascites. The stomach displayed multiple 
fresh erosions. The colon showed no ulcerations. The liver measured 
24 by 16 by 10 cm.; the surface was smooth and pale, and the cut sur- 
face had normal markings. The organ was of normal consistence. The 
pancreas and the suprarenal glands were normal. The spleen was 
enlarged, measuring 6 by 9 by 16 cm. Its cut surface was reddi.sh and 
of a gritty consistence. The kidneys measured 3 by 5 by it cm., being 
slightly decreased in size. The surface displayed extensive, irregular, 
rather coarse depressions. The color was mottled deep red and pale 
red. On the cut surface the cortex was seen to be narrowed and some- 
\Yhat spotted, the marking.- being blurred. The other organs were nor- 
mal. The central nervous system vras not examined. 
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Histologic examination. The glomerular coils of the kidneys dis- 
played large homogeneous masses (Fig. 6) resembling amyloid, in 
some instances wth secondary hyalinization. Similar precipitates were 
found ever3rwhere in the walls of tlie small vessels as well as in those 
of the larger ones, forming thick homogeneous bands of a substance 
assuming a yellow-brown color when stained according to van Gieson’s 
method. The tubules also contained deposits. Dense plasma cell infil- 
trates were scattered about and secondary fibrosis had occurred. The 
amyloid-like substance stained with Jurgens’ amjdoid stain and with 
Weigert’s fibrin stain, but did not react with Congo red. AVith Unna’s 
staining method it assumed a deep red color like that of the protoplasm 
of the plasma cells. 

The spleen was the seat of diffuse plasma cell infiltration in the pulp. 
The walls of all vessels contained broad homogeneous bands (Fig. 7) 
like those of the renal vessels. 

The Iwer contained accumulation of plasma cells, partly localized 
and partly diffusely scattered in the capillaries. The liver cells showed 
much fatty degeneration, and the vessels contained amyloid deposits 
which, like those of the other organs, caused a considerable thickening 
of the walls. 

In the myocardium the same homogeneous deposits (Fig. 8) were 
found in the walls of the vessels, but plasma cells were few. There 
were incipient interstitial fibrosis and some interstitial leukocytic in- 
filtration. 

This was therefore a case of paramyloidosis with deposits in the 
glomeruli and in vessel walls of a number of organs. I have interpreted 
the alterations in this case as being expressive of a marked positive 
anergy (plasmacytosis with hyperglobulinosis and atypical amyloi- 
dosis). Morphogenetically the paramyloidosis must be considered 
analogous to the periarterial hyalinosis in case 3 in which there was 
also an allergic plasmacytosis. 

The causal importance of sulfonamides to the paramyloid s3mdrome 
in this case (and to the development of allergic hyperglobulinosis in a 
case later on observed by me) forms a contrast to the well known 
hypersensitive reactions to sulfonamides. Together they represent re- 
actions of two types which, as described above, form part of the pathol- 
ogy of lupus erythematosus disseminatus. 

SUMIIARY 

Hyperglobulinemia, periarterial fibrosis of the spleen, and the wire 
loop lesion of the glomeruli in lupus er5rthematosus disseminatus are 
all considered to be expressive of a primary allergic hyperglobulinosis 
in the reticulo-endothelial system, after the analogy of the previously 
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described (1948) morphologic immunity reaction in atypical and ex- 
perimental amyloidosis, Boeck’s sarcoid, and other conditions. 

Periarterial fibrosis of the spleen is thus produced in various condi- 
tions with hyperglobulinemia (with or without any demonstrable in- 
crease in the number of plasma cells) and displays all transitions to 
atypical amyloidosis, which, as an underlying cause, also has a stimula- 
tion of immune mechanisms with hyperglobulinemia. 

Like the periarterial deposits and the collagenic sclerosis (diffuse 
scleroderma), the characteristic “wire loop lesion” occurring in many 
cases of lupus erythematosus disseminatus must be looked upon as 
alterations which are closely related pathogenetically to at3^ical amy- 
loidosis; whereas focal, and in the narrowest sense allergic, lesions 
(miliary granulomata in the serosa, nodular necroses, cases of focal 
allergic pneumonia) are predominant in other cases, or may be present 
in addition to the lesions first mentioned. From the point of view of 
immunobiology these two groups of alterations may be considered 
expressive of a positive anergy and an allergy, respectively. 

In some cases also, administration of sulfonamides may give rise to 
a hyperglobulinotic (paramyloid) syndrome (plasmac5d;osis, hyper- 
globulinosis, paramyloidosis in different organs, possibly uremia), in 
contrast to the well known hj^ersensitive reactions to sulfonamides. 
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Plate 8o 

Fig. I. Case i. Periarterial fibrosis of the spleen in lupus er>'thcmatosus dissemina- 
tus. Concentric lamellar hyaline bands, van Gieson-Hansen's stain. X 220. 

Fig. 2. Case 2. Periarterial fibrosis of the spleen in lupus erythematosus dissemi- 
natus. Between the rings a few reticulo-endothelial cells are seen. Hematoxy- 
lin and eosin stain. X 220. 

Fig. 3. Case 3. Periarterial fibrosis of the spleen in allergic plasmacytosis of the 
reticulo-endothelial system with marked hyperglobulinemia. IMarked accumu- 
lation of plasma cells in the border zone. Hematoxylin and eosin stain. X 220. 

Fig. 4. Periarterial fibrosis of the spleen in Boeck’s sarcoid with hyalinosis (par- 
amyloidosis). Epithelioid cell granuloma with peripheral paramyloidosis is 
seen in the border zone. A number of plasma cells and other reticulo- 
endothelial cells, van Gieson-Hansen’s stain. X 220. 
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Plate Si 

Fig. 5. Case 4. Glomerular lesions of chronic polyarthritis with atypical amyloido- 
sis and hyperglobulinemia, for comparison with the wire loop lesion in lupus 
erythematosus disseminatus. Mallory's stain. X a 70. 

Fig. 6. Case 5. Glomerular lesions in allergic plasmacytosis with paramyloidosis 
and hyperglobulinemia, for comparison with the wire loop lesion in lupus 
eri'thematosus disseminatus. Hematoxylin and cosin stain. X 310. 

Fig. 7. Case 5. Paramyloid deposits in the splenic vessels, van Gieson-Hansen’s 
stain. X 220. 

Fig. 8. Case 5. Paramyloid deposits in the vascular walls of the myocardium. 
Hematoxylin and eosin stain. X 120. 
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EFFECTS OF ALLOXAN UPON FUNCTION AND STRUCTURE OF 
NORMAL AND NEOPLASTIC PANCREATIC ISLET CELLS IN MAN * 


Jerome W. Conn, M.D., and Dorin L. Hinerman, MJD. 

{From the Departments of Internal Medicine and Pathology, University of Michigan, 

Ann Arbor, Mich.) 

Since the original demonstration in 1943 by Dunn, Sheehan, and 
McLetchie^ that alloxan administered to rabbits produces selective 
necrosis of the pancreatic islets of Langerhans, it has been established 
that a single injection of this substance, varying from 50 to 400 mg, 
per kg. of body weight, is capable of producing destructive changes 
in the normal islets of the pigeon,^ duck,^ rat,^’ ® cat,® dog,® and mon- 
key.^’ ’’ It has been found, too, that a series of smaller daily doses of 
alloxan produces islet cell degeneration but that the total dose required 
is considerably greater.®’ ® Under these circumstances the degenerative 
changes in the islet cells are less acute and evidence of attempted repair 
of damaged islets is observed in the rabbit.®’ Regeneration of 
damaged islets has been observed in the rabbit following a single small 
dose of alloxan.^^’ 

Published observations on the effects of alloxan upon the pancreas 
of man are limited to the 2 cases reported by Brunschwig et 
In one case the pancreas was examined 7 hours after a single intrave- 
nous injection of 600 mg. per kg. of alloxan. In this case “microscopic 
study of the pancreas revealed questionable evidence of injury to a 
number of cells in some of the islets, although many islets were not 
affected.” In the other, a case of islet cell carcinoma with metastases, 
no microscopic evidence of injury either of the normal islets or of the 
tumor cells was observed. This pancreas had been examined i month 
after the last injection of alloxan. In the preceding 50-day period the 
drug had been given in large doses (total 3,150 mg, per kg.) irregu- 
larly. Thus, in the 2 cases studied heretofore, no clear evidence of a 
destructive effect of alloxan upon human islet tissue has been observed. 
The impression has been gained, therefore, that the pancreatic islet 
cells of man are exceedingly resistant to the damaging effects of alloxan. 
That this conclusion is not warranted on the basis of so few observa- 
tions is indicated by the fact that in our studies the sensitivity of 
human islet tissue to the destructive effects of alloxan approximates 
that observed for other species.^® In addition, we found that neoplas- 
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Foundation and the Eli Lilly Company. 
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tic islet cells are much more resistant, both anatomically and func- 
tionally, to the damaging effects of alloxan than are normal islet cells. 

Our observations were made upon a patient who satisfied all the 
criteria needed for a diagnosis of organic hyperinsulinism.’* Subse- 
quently, an islet cell tumor was shown to have been the cause of the 
Ityperinsulinism. A brief summary of the history and clinical course 
of this patient follows. 

Report of Case 

A.W., a white housewife, 58 years old, was admitted to the University Hospital 
on May 14, 1946, complaining of attacks of unconsciousness. Ten years previously 
she had noted the onset of severe early morning fatigue which was relieved by 
eating breakfast. This symptom gradually progressed in severity. Four years prior 
to admission pre-breakfast attacks appeared which were characterized by memory 
defects, blurring of vision, clouding of consciousness and, at times, inability to 
awaken in the morning. Tlie great majority of such episodes occurred between 
5 a.m. and 8 a.m. but occasionally one was experienced in the forenoon. The fre- 
quenej’- and severity of the attacks continued to increase. During tlie year before 
admission attacks had occurred almost daily. In an effort to prevent attacks by 
eating frequently, the patient had gained 36 pounds during the preceding 3 years. 

Except for obesity, the physical examination revealed no abnormalities. Blood 
pressure was 130/70 mm. of Hg. 

The Kahn reaction of the blood was positive. Spinal fluid gave a negative Kahn 
reaction. Except for the abnormally low levels of the blood sugar outlined below, 
all other laboratory examinations showed no abnormality. These included blood 
counts, urine analyses, tests of kidney and liver function, x-rays of the skull and 
chest, and determinations of blood nonprotein nitrogen, basal metabolic rates, 
serum proteins, and plasma cholesterol. 

Procedures and Results 

Summary of Metabolic Data 

From May 14, 1946, to November 25, 1946 (193 days), extensive 
metabolic data were obtained and will be reported in detail elsewhere.^® 
For the purpose of integrating the functional and histologic changes 
observed, the major metabolic findings before, during, and after the 
administration of alloxan are outlined. 

Pre-alloxan Period (35 Days) 

Daily fasting blood sugar ranged from 15 to 62 mg. per cent with an 
average level of 31 mg. per cent. Repeated oral and intravenous glu- 
cose tolerance tests, performed after standard dietary preparation, 
demonstrated a greatly increased tolerance for carbohydrate. One meal 
low in carbohydrate (17 gm.) resulted shortly in intense hypoglycemia 
requiring glucose intravenously. 

Alloxan Period (9 Days) 

Alloxan was administered intravenously on 9 consecutive days in the 
following amounts: 50, 50, 100, 100, 100, 100, 100, 100, and 100 mg. 
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per kg., for a total of 800 mg. per kg. The patient weighed 75 kg. and 
thus received 60 gm. of alloxan during the 9-day period. The diet was 
constant. The daily fasting blood sugar ranged from 29 to 54 mg. 
per cent with an average level of 40 mg. per cent. No untoward reac- 
tions occurred. Daily examination of the urine showed no albumin 
or cellular elements. For several hours after the administration of 
alloxan the urine was light red. No hemoglobin was present. The color 
was due to the excretion of a reduction product of alloxan. The blood 
noiiprotein nitrogen and daily white blood cell count remained normal 
as did the brdmsulfalein test for liver function. 

Post-alloxan Period 

Before Operation (15 Days). The daily fasting blood sugar ranged 
from 34 to 60 mg. per cent with an average level of 45 mg. per cent. 
For the last 4 days of this period the levels were 41, 34, 45, and 35 mg. 
per cent, respectively. Repeated glucose tolerance tests done in this 
period indicated that despite the continuation of an abnormally low 
level of the fasting blood sugar, a marked decrease in carbohydrate 
tolerance had occurred as a result of alloxan administration. The per- 
sistence, however, of severe pre-breakfast h3^oglycemic attacks made 
surgical exploration necessary. 

Operation. On July 12, 1946, surgical removal of an islet cell tumor 
of the pancreas was performed by Dr. Robert W. Buxton, of the 
University Hospital staff. The tumor measured 1.5 by i.o by i.o cm., 
and was located in the body of the pancreas. Specimens of the pan- 
creas proper and of the liver were removed for microscopic study. 

After Operation {134 Days). Within 20 hours following removal of 
the islet cell tumor frank diabetes had developed with heavy glycosuria, 
ketonuria, and a fasting blood sugar of 208 mg. per cent. Insulin 
therapy was begun on the second postoperative day. Ketonuria dis- 
appeared in 2 days. Despite the use of 20 to 35 units of insulin daily 
(average, 30 units) and a low carbohydrate intake, the daily fasting 
blood sugar for the first ii postoperative days ranged from 146 to 
234 mg. per cent with an average level of 186 mg. per cent. An increase 
of insulin to as high as 60 units per day for several days brought the 
fasting blood sugar to normal where it remained for the next 16 days 
on a dose of 20 to 30 units per day. Insulin was gradually discontinued 
and the fasting blood sugar remained normal. However, postprandial 
glycosuria still occurred. Repeated glucose tolerance tests continued 
to show consistently normal fasting blood sugar levels, but they also" 
demonstrated the hyperglycemic plateau type of curve typical of dia- 
betes meUitus. From the character of serial curves it appears likely' 
that normal tolerance for carbohydrate will eventually return. 
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Structural Changes 


Methods of Preparation of Tissues. The tumor was bisected, photo- 
graphed and the halves were immediately placed in Bouin’s fixative 
and in 10 per cent formalin. Small pieces of pancreas proper and of 
liver were placed in similar fixatives. 

The following stains were used in the study of the tissues: 


Hematoxylin and eosin slain 
Mallory-Heidenhain azan stain 
Mallory’s phosphotungstic acid hema- 
toxylin stain 

Bensley’s modification of Mallory’s 
aniline blue stain 
Ziehl-Neelsen’s stain 


Gomori’s chromium hcmatoxylin-phlox- 
ine stain 

Van Gicson’s stain 

Benslcy’s acid fuchsin and methyl green 
stain 

^Yarthin-Starry-Kerr silver stain 


Evaluation of Staining Procedures Utilized. The general histologic 
features were brought out nicely by the hematoxylin and eosin stain, 
Gomori’s chromium hematoxylin-phloxine stain, Mallory’s phospho- 
tungstic acid hematoxylin stain, and the Mallory-Heidenhain azan stain. 

The use of many sections of normal and diseased pancreatic tissue 
as controls proved that Gomori’s stain distinguished beta cells 
from those of the alpha and delta types more efficiently than other 
stains utilized. By this technic the normal beta cells possessed a very 
fine, dust-like, blue granular cytoplasm whereas the alpha and delta 
cells were indistinguishable from each other and had a pink to red, 
more coarsely granular cytoplasm. 

The identity of alpha cells was confirmed by Mallory’s phospho- 
tungstic acid hematoxylin stain.^^ The alpha granules took a dark 
blue stain. These cells corresponded to the alpha cells by the Gomori 
stain. The Mallory technic (phosphotungstic acid hematoxylin) differ- 
entiated alpha from delta cells since the latter were not stained by this 
method.^^ 

The Mallory-Heidenhain azan stain was useful but alpha and delta 
cells failed to stain as brilliantly as reported by Gomori.^^ Beta cells 
stained a pale gray, while delta cells were blue. 

Bensley’s procedures were not done on fresh material, but those 
recommended for fixed material were uniformly unsatisfactory in 
our hands. 

The Warthin-Starry-Kerr method^® and Ziehl-Neelsen’s stains were 
negative for organisms. Van Gieson’s stain was used for study of the 
hyaline material, which took a pale yellow to pale pink color. 

Gomori’s chromium hematoxylin-phloxine stain was used with slight 

modifications in timing. The hematoxylin solution was allowed to age 

for at least i week instead of 48 hours as recommended. Sections were 

' _ • 22 

exposed to both staining solutions about twice as long as Gomon 
suggested and differentiation and decolorization procedures were corre- 
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spondingly increased. Greater contrast and better detail were obtained 
by this longer procedure. 


Islet Cell Counts 

The islets of the pancreas proper were segregated according to the 
degree of damage which they exhibited and the component cells were 
studied and tabulated according to qualitative and quantitative 
changes. Inasmuch as the cells of the adenoma failed to show the 
qualitative and quantitative changes characteristic of alloxan injury, 
these cells were not counted individually but an approximation was 
made of the frequency of cell t5q)es on the basis of the granule stains. 

Gross Features of the Islet Cell Neoplasm 

In situ the tumor presented as a slight protrusion above the body 
of the pancreas. The neoplasm was slightly firmer than the surround- 
ing pancreas. A rich vascular network coursed over its surface, a fea- 
ture which aided in distinguishing the tumor from enlarged peripan- 
creatic lymph nodes. 

Upon removal and sectioning, the tumor was found to be coarsely 
lobulated. It weighed about 1.5 gm., a weight which is equivalent to 
the estimated combined weight of all of the islets in the average normal 
pancreas.^** It measured 1.5 by i.o by i.o cm. Most of the periphery 
was well encapsulated and well demarcated from adjacent pancreatic 
tissue. However, localized peripheral areas showed no distinct capsule. 
The cut surface was primarily a dull gray with irregular blotches of 
dull reddish purple. 

Histopathologic Features of the Islet Cell Tumor 

With regard to general architecture and cellular t3q)e, the tumor 
removed from this patient conformed in all respects to the numerous 
excellent descriptions which are readily available in the literature.^'^"^^ 
Suffice it to say that the pattern of cells and their structure were almost 
identical with those observed in normal or in hyperplastic islets of 
Langerhans. The following description is aimed at emphasizing (i) 
the possible genesis of the neoplasm, (2) age differences in various 
portions of the tumor, (3) cell types according to specific granule 
stains, and (4) the complete absence within the tumor of evidence of 
alloxan injury. 

In the areas where the fibrous connective tissue capsule was lacking, 
multiple small nodules representing centers of active proliferation were 
found. Many of these proliferating nodules had surrounded and com- 
pressed acinar tissue, islets, and fat lobules. Many ducts and ductules 
were seen in intimate relation with the tumor cells. Ductules possess- 
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ing terminal bars and relatively heavy basement membranes were 
easily identified in these nodules. Commonly these ductules were seen 
to end in the tumor. The epithelium of the ductules blended with and 
appeared to give rise to the cells of the neoplasm. At least 70 per cent 
of the cells in some of these small nodules appeared to be the epithelial 
cells of ductules. They were indistinguishable from such epithelial cells 
in size, shape, cytoplasmic granules, and staining reactions. These 
cells were larger than normal islet cells but were somewhat smaller 
than most of the cells of the neoplasm. They also possessed a darker 
staining cytoplasm than most of the cells of the tumor. They were 
columnar or polyhedral. Cytoplasmic granules were coarser than those 
of beta cells. These granules showed no particular affinity for either 
of the specific colors in the granule stains. Scattered among tliese 
undifferentiated cells were a significant number of cells showing trans- 
formation to a beta-like cell in that a varying degree of development 
of granules of the beta type were seen within them. IMitotic figures 
could not be found in these or other portions of the tumor. On the 
basis of these findings, it was considered that the neoplastic islet cells 
seen in this tumor had their origin in duct epithelium. 

The larger and older nodules of the tumor showed few ducts and 
little evidence of proliferation or of transformation of duct epithelium 
to tumor cells. Dense hyaline tissue was considerably more abundant 
in these areas. 

Eighty-five to 90 per cent of tlie cells resembled beta cells in their 
staining reactions. Approximately 10 per cent of these possessed their 
full complement of granules. The remaining cells of the bet^ t3^e 
demonstrated varying degrees of degranulation. Less than i per cent 
of the cells contained granules stainable like those of alpha cells, either 
by Gomori’s method or by Mallory’s phosphotungstic acid hematoxy- 
lin stain. The rest of the cells were either degenerating tumor cells 
showing hyalinization or they were undifferentiated cells which could 
not be classified. Surrounding the tumor and in the interstices of the 
pancreas were foci of heavy inflammatory reaction. 

The most striking feature of the cells of this tumor was the com- 
plete absence of destructive changes which could be attributed to 
alloxan injury. In marked contrast were the intense degenerative 
changes, characteristic of alloxan injury, which were observed in the 
islets of the pancreas proper. 

Histopathologic Features of the Pancreatic Islets 

Virtually everj’’ islet in the pancreas showed some degree of damage 
attributable to alloxan injury. The degree of change varied greatly 
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from islet to islet. When examined after staining with routine hema- 
toxylin and eosin the extent of the damage seemed slight. Islets were 
small and some of the cells showed vacuolar degeneration. However, 
the specific granule stains revealed profound changes both qualitatively 
and quantitatively. 

The qualitative changes, which predominantly involved the beta 
cells, were many and varied. Minor degrees of alteration (some of 
which were probably not the result of alloxan per se) included degran- 
ulation, marked cloudy swelling, vacuolar degeneration, and other 
cytoplasmic disruptions. More severe changes involved loss of cyto- 
plasm and cell membranes, pyknosis and fragmentation of nuclei pro- 
ceeding to necrosis and disappearance of cells. With disruption of cell 
membranes and cytoplasmic boundaries there was collapse of entire 
islets. If severe, this process resulted in small shrunken masses of cells 
without the usual complexity of architecture seen in normal islets. En- 
tire islets were destroyed leaving only a few shadows of former islet 
cells, or a few disorganized cells among cellular debris. However, the 
amount of cellular debris was small in comparison with the severe 
destruction observed, indicating rapid removal of the destroyed cells. 

Normally the average island of Langerhans contains at least as many 
or more beta cells than alpha and delta cells combined and evidence 
of degeneration is lacking. The changes which we observed in these 
islets included the complete disruption of the normal ratio of alpha to 
beta cells. Careful cell counts of 128 islets showed that 82 per cent 
were alpha or delta cells. Only 18 per cent were beta cells. Of these, 
89 per cent showed significant degenerative changes. Thus, less than 
2 per cent of all of the cells studied in the islets could be considered 
to be normal beta cells. With a normal expectancy of at least 50 per 
cent normal beta cells, this represented a degeneration and/or disap- 
pearance of 96 per cent of all of the beta cells. For purposes of classi- 
fication and of comparative cell counting, the islets were divided into 
five groups: 

1. “Least injured” (approximately normal size and architecture). 

2. “Collapsed” (moderate loss of cells and disruption of normal 
pattern) . 

3. “Shrunken” (severe loss of cells and disruption of normal pat- 
tern) , 

4. “Completely destroyed” (remnants and debris indicating the site 
of a former islet). 

5. “Hyperplastic” (enlarged, increased number of cells and exagger- 
ated ribbon pattern) . 

I. As will be noted in Table I, 42 islets (33 per cent) were “least 
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injured.” In only 4 of these did the ratio of alpha -f delta to beta cells 
fall within the normal range. In these 4 islets 53 per cent of cells were 
beta cells. But 52 per cent of these beta cells demonstrated significant 
destructive changes, such as marked cloud}'- swelling, vacuolar change, 
pylcnosis, and necrosis. Forty-seven per cent of the cells belonged 
to the alpha-delta series and appeared to be unharmed. 


Table I 

Qualitative and Quantitative Analysis of All Types of Islet Cells Encountered in 128 Islets 
of Langerhans {ly Days after the Administration of Alloxan) 


Classification of 
128 islets 
studied 

Number of 
^ islets 
in each 
group 

Disappearance of 
beta cclb, 
average percentile i 
decrease per islet* j 

Condition of remaining 
beta cells 

Condition of 
alpha and delta cells 

Normal 

Degenerative 

changes 

Least injured 

42 (33%) 

4 islets 0% 

48% 

S2% 

Normal 

38 islets 22% 

23% 

77% 

Mild degenerative 
changes 

Collapsed 

27 (21%) 

72% 1 

1 

__ 1 

7% 

93% 

Jlild degenerative 
changes 

Shrunken 

33 (26%) 

88% 

0 

xoo% , 

j 

Jfodcrate degen- 
erative changes 

Completely des- 
troyed (rem- 
nants and d6- 
bris) 

19 (15%) 

100% 



Disappearance of 
recognisable cells 

Hyperplastic 

1 

7(5%) 

i 

80% 

26% 

74% 

I 

Marked hyper- 
plasia with bril- 
liant staining 
(newly formed 
cells) 


* Based upon the maximal normal ratio» alpha + delta cells = r.o. 

beta cells 


The other 38 islets in this “least injured” group revealed a decrease 
in beta cells with a greater number showing destructive changes. In 
this group there were 39 per cent beta cells of which 77 per cent 
showed destructive changes. On the basis of the least expected num- 
ber of beta cells in an unchanged islet there had been complete destruc- 
tion and disappearance of at least 22 per cent of the beta cells. Sixty- 
one per cent of the cells were of the alpha-delta series. The granules 
of these alpha cells revealed a somewhat reduced affinity for the spe- 
cific stains and occasionally they showed moderate cloudy swelling. 

2. Islets showing varying degrees of “collapse” composed 21 per 
cent of the total islets counted. Only 14 per cent of the cells were beta 
cells, a figure which is much reduced from the 39 per cent seen in the 
previous group of islets. At least 72 per cent of the beta cells had been 
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completely destroyed. Of the relatively few beta cells remaining, a 
greater number (93 per cent) demonstrated significant degenerative 
changes. Many cells of , the alpha-delta series in this group of islets 
also showed mild degenerative changes. 

3. Twenty-six per cent of the total number of islets showed severe 
destructive changes resulting in “shrunken” islets. Of the cells present, 
only 6 per cent were beta cells, representing a complete disappearance 
of at least 88 per cent of beta cells. Ninety-three per cent of the cells 
of the islets were alpha and delta cells. The staining of the cytoplasmic 
granules in these alpha-delta cells was definitely impaired as compared 
with normal alpha and delta cells. In the severely shrunken islets 
many of the pink-staining cells were small spindle-shaped structures 
with little C3doplasm. 

4. Fifteen per cent of the islets were completely destroyed. Per- 
haps many more belonged in this category, but sufficient proof of for- 
mer islet architecture was lacking. Only a few disrupted islet cells or 
their “ghosts” were present. Sometimes a few spindle-shaped pink- 
staining cells and numerous ductules were observed. Nearly all of the 
cells seen stained pink and contained no definite granules. 

5. Five per cent of the islets demonstrated the typical exaggerated 
ribbon pattern of hyperplastic islets. Strikingly, about 90 per cent 
of the cells in these islets were alpha and delta cells; and, of these, 
an unusual number were delta cells as shown by Mallory’s phosphotung- 
stic acid hematoxylin method. By this method and by other specific 
granule stains, the alpha and delta granules of the cells of these hyper- 
plastic islets took a very brilliant stain suggesting that these cells were 
not present during the destructive insult which decreased the stain- 
ability of the older alpha and delta cells, and that this may represent 
regenerative proliferation of alpha and delta cells. The presence of an 
increased number of. ducts within and surrounding the hyperplastic 
islets supports this opinion. Seventy-four per cent of the few beta cells 
which were present (10 per cent of the total in the hyperplastic islets) 
revealed degenerative changes. 

Liver Obtained for Biopsy 

The liver cells were well filled with glycogen. They showed no evi- 
dence of injury. The liver lobules were intact and appeared to be 
normal. There was, however, an increase in young connective tissue 
in the portal trinities with an accompanying slight inflammatory infil- 
tration of lymphocytes and mononuclear cells. Several tubercle-like 
foci of epithelioid cells were encountered. They bore a very close 
resemblance to those observed by Dunn and co-workers®^ in the 
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regional lymphoid tissue of a rabbit after the intravenous administra- 
tion of alloxan. 

Discussion 

There can be no doubt that the severe degenerative changes that 
we observed in the pancreatic islets of this patient were the direct 
result of the alloxan which had been administered. The changes are 
typical of those observed in the islets of alloxan-treated animals. They 
resemble most closely those described by Bailey ct al.^ as occurring 
in rabbits given small daily injections of alloxan for from 7 to 13 days. 

The intensity of the alloxan-induced damage to the beta cells of the 
islets is indicated by the facts that (1) 64 per cent of all the beta cells 
had disappeared, (2)0! the beta cells remaining, 90 per cent showed 
degenerative changes, and (3) only 2 per cent of all of the cells seen 
in the islets could be regarded histologically as normal beta cells. This 
degree of structural damage to the pancreatic islets of a human being 
resulted from the administration of a total of 60 gm. of alloxan (800 
mg. per kg. of body weight) given intravenously in divided doses over 
a 9-day period. The amount of alloxan (on a per kg. basis) required 
to produce these changes falls close to that needed to produce similar 
islet cell damage in other species when the drug is given in daily divided 
doses.®’” One is forced to conclude, therefore, that in this study the 
sensitivity of human pancreatic islet tissue to the destructive effects 
of alloxan approximates that observed for other species. This is in 
sharp contrast to the statement found repeatedly in the literature to 
the effect that the pancreatic islet tissue of man is resistant to the 
damaging effects of alloxan. This conclusion is based upon the observa- 
tions of Brunschwig et in 2 cases in which the pancreas was 

examined after the administration of alloxan. While there is no ready 
explanation for the discrepancy between our findings and theirs, one 
may suggest several possibilities. 

It is recognized that an occasional animal of any species is found 
to be resistant to the destructive effects of alloxan.®’®”’®” It is con- 
ceivable that Brunschwig’s first patient,^” who had received tremendous 
amounts of alloxan, fell into such a category. The other patient,^” 
having received a single dose of alloxan (600 mg. per kg. intrave- 
nously) , died 7 hours later. Questionable histologic evidence of injury 
was reported. It is possible that more positive evidence of islet cell 
damage would have been observed had the patient survived for a 
longer period of time. In this connection, it is of interest that we, too, 
have observed early degenerative changes in the pancreatic islets of a 
patient who died 9 hours after a single intravenous dose of alloxan 
amounting to 215 mg. per kg.®’^ This patient had been suffering from 
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long-standing organic hyperinsulinism, shown at autopsy to have been 
due to marked generalized hyperplasia of the islets of Langerhans. He 
was moribund upon admission to the hospital and death could not be 
attributed to the alloxan which had been administered. 

Thus it appears premature to conclude that human pancreatic islet 
tissue is less susceptible to damage from alloxan than is islet tissue of 
every other species studied. This point is of considerable importance 
with regard to present and future investigations upon the possible 
role of endogenous alloxan or related compounds in the etiology of 
some types of diabetes mellitus in man. The “resistance” to alloxan 
of human islet cells has been a potent argument against such specula- 
tions. 

Of both practical and theoretical interest is the fact that human 
neoplastic islet tissue is very much more resistant to the destructive 
effects of alloxan than is normal islet tissue. In this study the normal 
islet cells have served as a control for the neoplastic ones. Both were 
exposed to the same insult. While very few normal beta cells remained 
in the islets of Langerhans, the beta-like cells of the tumor showed no 
evidence of alloxan injury. Since it has been reasonably well estab- 
lished that alloxan exerts its injurious effect upon cellular metabolism, 
by virtue of its capacity to oxidize sulfhydryl groups, thus interfering 
with certain essential intracellular enzymatic oxidation-reduction sys- 
tems,^^ it would appear that the metabolism of neoplastic islet tissue 
differs in important respects from that of normal islet cells. It is sug- 
gested, further, that the hypoglycemia-invoking product secreted by 
neoplastic islet cells may not be identical with the crystalline protein 
substance obtainable from normal islet tissue. 

From the practical point of view it would appear that attempts to 
degenerate islet cell neoplasms by means of the administration of 
alloxan are fraught with danger. It must be realized first that were the 
attempt successful it almost certainly would be associated with com- 
plete degeneration of all of the normal insulin-producing islet tissue 
in the body. It is more than likely, however, that the amount of alloxan 
required (if it affected neoplastic islet tissue at all) would be lethal to 
the patient, since the compound is injurious to tissues generally. 

The metabolic studies made upon this patient will be reported in 
detail elsewhere.^® They confirm, from a functional point of view, all 
of the conclusions which can be drawn from study of the structural 
alterations described. Following the administration of alloxan there 
occurred a remarkable decrease in the patient’s ability to metabolize 
ingested carbohydrate. The degree of impaired carboh5''drate tolerance 
was comparable to that seen in diabetes mellitus. The striking point 
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of difference in this patient, however, was the persistence of very 
low levels of dailj'’ fasting blood sugar (pre-breakfast level). On the 
basis of these findings it was concluded clinically that the islet cell 
tumor (which is responsible for the pre-breakfast hypoglycemia always 
observed in these patients) had been but little, or not at all, affected 
by alloxan. It was reasoned that the sharp decrease which had occurred 
in the patient’s tolerance for carbohydrate must have been due to in- 
jury of normal islet tissue. These conclusions seemed warranted in the 
presence of continued normal hepatic function. The prompt develop- 
ment of typical and persistent diabetes mellitus following surgical 
removal of the islet cell tumor completed the clinical story and related 
it in all of its details to the anatomic observations described. 

Several other observations from the structural point of view seem 
worthy of comment. An occasional islet cell in the pancreas proper 
was observed to be undergoing hydropic degeneration. This is the type 
of islet cell degeneration which has been associated experimentally with 
procedures known to place excessive functional demands upon the 
islets,®®' a form of '^overwork degeneration.” This change is not 
usually found in animals as the result of acute alloxan injury, although 
it has occasionally been observed.® It seems likely that this change 
when it occurs is not a direct but an indirect effect of alloxan. Those 


beta cells which have escaped the damaging effects of alloxan are 
now subject to excessive functional strain and may undergo “overwork 
degeneration.” 

Although the functions of the alpha and delta cells of the islets of 
Langerhans are not known, two types of change involving these cells 
were observed in our sections. It was noted (Table I) that in those 
islets that suffered the greatest degree of beta cell injury, the alpha 
and delta cells showed mild to moderate decrease in stain-affinity, sug- 
gesting a slight degree of injury. The other change was related to the 
presence of occasional hyperplastic islets. Ninety per cent of the cells 
of these islets were alpha and delta cells. The unusually brilliant 
staining of these cells and the increased numbers of ducts surrounding 
these h3perplastic islets suggest that the large islets represent a pro- 
liferative response of alpha and delta cells which followed the alloxan 


injury. 

Finally, sections of the beta-cell-like tumor indicate strongly that it 
arose from duct epithelium. The question of the origin of islet cells 
from duct epithelium has been a controversial one since Bensley and 
Grauer first suggested it. Direct continuity between duct epithelium 
and cells of islet tumors has been observed repeatedly.®®' These 
observations have led Laidlow and O’Leary and Womack ®® to postu- 
late that islet cell tumors originate in response to a stimulus to duct 
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epithelium, and that this particular stimulus calls forth the islet cell 
potentiality of duct epithelium. There is much to support the opinion 
that the neoplasm in our case, secreting an insulin-like substance, arose 
from and continued to receive from duct epithelium, undifferentiated 
cells which matured to become beta-cell-like tumor cells. 


Conclusions 

1. In this study the sensitivity of normal human islet tissue to the 
destructive effects of alloxan was found to approximate that observed 
in other species. 

2. Neoplastic islet tissue is much more resistant to the injurious 
effects of alloxan than is normal islet tissue. This suggests that certain 
metabolic processes within the abnormal cells differ significantly from 
those which exist in normal islet cells. 

3. The development of persistent diabetes mellitus following surgical 
removal of the uninjured islet cell neoplasm confirms functionally (a) 
the severe structural lesion observed in the islets of the pancreas 
proper and (b) the absence of structural alterations in the tumor cells. 

4. In future attempts to use alloxan therapeutically the above facts 
should be considered. It is believed that the amount of alloxan required 
to produce the desired effect upon islet cell neoplasms is likely to be 
lethal to the patient. 

5. Alpha and delta cells of human islet tissue are susceptible to 
damage by alloxan, but to a much lesser degree than are beta cells. 

6. Hyperplasia of alpha and delta cells appears to be one response 
to alloxan injury of the islets of Langerhans. 

7. In this case the evidence is good that the islet cell tumor had its 
origin in pancreatic duct epithelium. 
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DESCRIPTION OF PLATES 
Plate 82 

Fig. I. Relatively normal or “least injured” islet of Langerhans showing normal 
size, structure, and ratio of alpha+delta to beta cells. The cells with dark 
cytoplasm are normal beta cells. Scattered beta cells show significant degen- 
erative changes and actual necrosis. Gomori’s chromium hematoxylin-phloxine 
stain. X 125. 

Fig. 2. A moderately collapsed islet with smaller size and somewhat altered struc- 
ture composed largely of alpha and delta cells. Small masses of cellular debris 
represent destroyed beta cells. A large number of remaining beta cells show 
severe degenerative changes as described. Gomori’s chromium hematoxylin- 
phloxine stain. X 125. 
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Plate S3 

Fig. 3. Small islet showing a more severe degree of collapse. The centrally ar- 
ranged beta cells are largely necrotic. The peripherally arranged alpha and 
delta cells show slight degenerative changes and impaired stainability of gran- 
ules. There is shrinkage of the entire islet structure. Gomori’s chromium 
hematoxylin-phlo-xine stain. X 125. 

Fig. 4. A greatly shrunken islet composed largely of a reduced number of spindle 
cells possessing a pale pink cytoplasm. No normal beta cells are found. 
Gomori’s chromium hemato.xylin-phloxine stain. X 123. 

Fig. S- a completely destroyed islet showing only connective tissue hyalin out- 
lining the former islet pattern, and a few isolated bizarre cells. Gomori’s 
chromium hematoxylin-phloxine stain. X 125. 
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Plate 

Fig. 6. Photomicrograph showing young peripheral tumor cells, (A) ; duct epithe- 
lium, (B); relatively undamaged islet of Langerhans, (C); and acinar epi- 
thelium, (D). The young neoplastic cells resemble duct epithelium. Faint 
cytoplasmic stippling of tumor cells represents beginning beta-like granulation. 
The tumor cells appear in close relation to duct structures. Gomori’s chromium 
hematoxylin-phlo.xine stain. X 125. 

Fig. 7. Tubercle-like epithelioid focus in the liver apparently due (0 alloxan. Mal- 
lory-Heidenhain azan stain. X 125. 
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METASTATIC CALCIFICATION PRODUCED IN DOGS BY 
HYPERVITAMINOSIS D AND HALIPHAGIA* 

R. M, Mulligan, M.D., and F. L. Stricker, M.D. 

(From the Department of Pathology, University of Colorado, School of Medicine, 

Denver 7, Colo.) 

The observation^ of widespread metastatic calcification in a man 
who had ingested much vitamin D and alkaline salts during several 
months led to a review^ of the literature concerning metastatic calcifi- 
cation and to experiments on dogs in an attempt to reproduce the 
lesions noted in the patient.’^ 

Materials and Methods 

Sixteen clinically healthy and mature mongrel dogs (15 males and 
I female) were employed in experiments made during 1946 and the 
first quarter of 1947. These animals were on a stock diet of dog chow 
containing 725 units of vitamin D3 as fish liver oil and 250 units of 
vitamin D2 as irradiated yeast per 500 gm. The calcium content was 
2.4 per cent; the phosphorus, 1.8 per cent; the carbohydrate, 55.3 per 
cent; the protein, 22.7 per cent; the fat, 4.2 per cent; fiber, 4.75 per 
cent; and moisture, 9 per cent; according to an analysis furnished by 
the manufacturer, L. B. Dean and Company of Denver. Water was 
freely available at all times. In our kennels dogs have been kept on 
this ration for as long as 3 years without evidence of dietary deficiency 
and in a good state of health, weight, and activity. The supplemental 
vitamin D was in the form of ertron, an electrically activated ergos- 
terol. The supplemental alkaline salt mixture (sal hepatica^) con- 
tained the phosphate, bicarbonate, sulfate, and chloride salts of sodium. 
Seven dogs received both vitamin D and the alkaline salts; 5, vitamin 
D alone; 2, the alkaline salts alone; and 2, the stock diet only. The 

♦Aided in part by a grant from the Research Fund of the Graduate School of the 
University of Colorado. 

Received for publication, May 14, 1947. 

Read by title at the Forty-Fourth Annual Meeting of The American Association of 
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manner of death, the number of days of each experiment, the body 
weight of each animal at tlie beginning and end of tlie experiments, 
tlie percentage of original body weight lost, tlie total international units 
of vitamin D^, and the total grams of sal hepatica have been sum- 
marized in Table I. Both substances, given orally, were incorporated 
in small boluses of ground beef. The vitamin D was usually given in 
doses of 100,000 units daily, except: (a) in the first week in dogs 
I and 2 when 50,000 units daily were administered, (b) when tem- 
porary meat shortages occasionally hindered dosage for i to 2 days 
or even a week, and (c) in dogs 20 and 21 which received 150,000 
units of vitamin D daily. The alkaline salts were given in doses of 
7.5 to 8 gm, daily. The predominant breed in each dog used was esti- 
mated as follows: dog i, beagle hound; dog 2, cocker spaniel; dog 7, 
bulldog; dog 16, poodle; dog 20, Dalmatian; and the other ii, terriers 
of various types (8 fox, and i each Scotch, wire-haired, and Airedale) . 

The tissues studied were obtained at autopsy immediately or within 
a few hours after death. The thyroid, parathyroid, and thymus glands, 
spleen, liver, gallbladder, pancreas, left adrenal gland, urinary blad- 
der, prostate, testes, lymph nodes, ribs, vertebrae, and pituitary gland 
were fixed in Zenker’s fluid. The heart, aorta, lungs, esophagus, stom- 
ach, intestines, right adrenal gland, kidneys, and brain were fixed in a 
4 per cent solution of formaldehyde, so that any possible interference 
of potassium bichromate or mercuric chloride would be avoided in 
determining calcification of these viscera. The tissues were washed, 
trimmed, dehydrated and cleared in dioxane, imbedded in paraffin, sec- 
tioned at 8 fji, and stained with hematoxylin and eosin. 

Results 

CLINICAL FINDINGS 

All dogs given vitamin D, alone or with alkaline salts, lost 32 to 61 
per cent of their original body weight. Inappetence was distinctly 
in evidence before each experiment was half completed and hypo^sia, 
apathy, and terminal coma were observed in those dogs which died. 
Occasionally, hematemesis or melena was noted. The dogs receiving 
only alkaline salts, or on the stock diet only, showed no significant 
changes in body weight and maintained both appetite and general 
activity. By the mid-period of each experiment, and usually before, 
the dogs on vitamin D alone exhibited small, hard, dark brown stools 
as contrasted with the bulky, semiliquid, unformed, light tan stools 
of the dogs on alkaline salts alone. Those dogs given both vitamin D 
and alkaline salts had moderate-sized soft, formed, light brown stools. 



Table I 

Data on Development of Costochondral Junction, Mode of Death, Number of Days of Each Experiment, Weight in Kg. at Beginning and End of 
Experiment, Percentage of Weight Lost, the Total Amount of Vitamin D in Millions of Units, and the Total Amount of Sal Hepatica in Gm. 
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All three groups had stools unlike the moderately firm, well formed, 
medium brown stools of the 2 control dogs and of many others on the 
stock diet observed in ouf kennels. 

AUTOPSY FINDINGS 

The gross features in the dogs receiving vitamin D alone or in 
combination with alkaline salts included severe wastage of the adipose 
tissues; dryness of the serous membranes; very small thymus glands, 
l3miph nodes, and spleens; the frequent occurrence of one to three 
soft calcific plaques, i to 8 mm. in diameter, in the walls of one or 
more sinuses of the aortic valves; three to six flecks of soft calcium, 
0.5 to 5 mm. in diameter, in the endocardium of the posterior wall of 
the left atrium; scanty, tan or dark red fluid in the stomach and intes- 
tines; small parathyroid glands, prostate, and testes; a thin, pale 
yellow line of calcium at the corticomedullary junction of the kidneys 
in 4 dogs; and pale tan marrow in the ribs and vertebrae of some dogs. 
Calcification in the lungs and stomach was hot grossly visible or 
palpable, although the deposits in the splenic capsule of one dog and 
in the pulmonic arteries of 2 dogs were easily seen. The brains of all 
dogs were grossly normal. 

Microscopic Calcification 

The most important microscopic features were the calcium deposits 
in the endocardium of the left atrium, the walls of the aprtic valvular 
sinuses, the walls of the alveoli_and alveolar ducts of the lungs, the 
loops of Henle in the kidneys, and the stroma around the glands of 
the mucosa of the fundus of the stomach. To a certain degree, calcium 
casts in the renal collecting tubules were noteworthy and a few mis- 
cellaneous calcific deposits should be mentioned. All of these features 
have been included in Table II. 

Heart. The calcific deposits in the endocardium of the left atrium 
first affected the elastic fibrils and then were spread out in granular 
aggregations (Fig. i) and impinged on the inner aspect of the myo- 
cardium. No calcium was found in representative sections of either 
ventricle, the septum, or the right atrium. 

Walls of Sinuses of Cusps of Aortic Valve. The intima (Fig. 2) was 
predominantly affected, but the media was focally involved, both layers 
showing elastic fibrils incrusted by calcium salts which were dispersed 
between them. 

Lungs. The walls of the alveoli and alveolar ducts showed clearly 
defined plates of calcium of varying thickness (Fig. 3). When the 



Table II 

Calcification in Endocardium of Left Atrium of Heart, in Walls of Sinuses of Cusps of Aortic Valve, in Alveoli and Alveolar Ducts of Lungs, in 
Herders Loops of Kidneys, in Stroma of Mucosa of Stomach, in Lumen of Renal Collecting Tubules, and in Other Sites 
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veins were calcified, the intima was chiefly affected, but the arteries 
showed calcium deposits mainly in the adventitia and the outer aspect 
of the media in relation to elastic fibrils. Bronchial cartilages were 
unevenly marked by plaques of calcium, wdiich largely obliterated 
both ground substance and chondrocytes. Calcium involved the intima 
of the pulmonic artery in dog i6 and the adventitia and outer media 
in dog 19. The walls of tlie sinuses of the pulmonic valve also showed 
intimal calcium deposits in dog 19. 

Kidneys. So far as could be determined, the principal deposition 
of calcium in the kidneys w'as in the basement membranes, cells, and 
lumina of Henle’s loops (Fig. 4), apparently preponderant!}’’ in the 
broad or ascending limbs. Occasional calcific casts W’ere noted within 
the distal convoluted and connecting tubules. In dog 20 only, calcium 
was observed in the basement membranes of several glomerular cap- 
sules and within the corresponding capsular spaces. The finding of 
calcium casts in the collecting tubules of all 1 6 dogs was of equivocal 
significance, although dogs 15, 19, and 20 exhibited also calcification 
of the basement membranes and cells of several collecting tubules. 

Stomach. The stroma around the glands of the middle tliird of the 
mucosa of the fundus was distinctly saturated with calcium (Fig. 5) 
in 5 dogs. The parenchymal cells rarely were calcified. 

Other Sites. The splenic capsule of dog i was widely inundated by 
calcium salts, conspicuously precipitated on elastic fibrils. The medium 
and small arteries in all viscera examined, except those of the lungs, 
lacked calcium demonstrable by hematoxylin. 

Other Microscopic Observations 

Testes. The tubules were reduced in size and the stroma was rela- 
tively prominent. The seminal epithelium often consisted only of a 
layer of spermatogonia, as seen especially in dog i (Fig. 6) and dog 16, 
which lived longest. It was intact and spermiogenesis was greatly 
reduced only in dog 6 which survived the shortest time. Definite evi- 
dences of atrophy of the seminal epithelium in the other dogs which 
received vitamin D alone or with alkaline salts included the complete 
absence of spermia, only rare tubules with the epithelium developed 
to the spermatid stage, and most tubules lined by spermatogonia or by 
spermatogonia and varying numbers of primary and secondary sperma- 
tocytes, usually the former. The testes of both dogs on alkaline salts 
and of the two control dogs (Fig. 7) were normal and active. The 
data concerning the testes, the prostate, the costal and vertebral mar- 
row, the lymphoid tissue, and the fat tissue have been collected in 



Table III 

Data on Testes, Prostate, Bone Marrow, Lymphoid Tissue, and Fat Tissue 
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Table III. The genitalia of the female dog, no 2, were normal and 
in the stage of anestrum of what was at least its second estrual cycle. 

Prostate, Of the 1 1 male dogs on vitamin D alone or in combination 
with alkaline salts, the prostate gland showed advanced atrophy in 
7 and partial atrophy in one. Three had incompletely developed pros- 
tates which could not be accurately evaluated for atrophy. The atrophic 
changes (Fig. 8) included decreased height and size of the epithelial 
cells of both ducts and acini, especially of the latter, with shrinkage 
of the C3d;oplasm and condensation of the nuclei. The acini and ducts 
were flattened and slit-like, and sometimes the lumina were practically 
obliterated. The stroma, also shrunken, was relatively increased as 
compared to the parench5mial elements. These atrophic changes were 
clearly in contrast to the normal state (Fig. 9). 

Ribs. In order to correlate skeletal and genital growth, special 
attention was paid to the development of the costochondral junctions, 
two of which from each dog were examined histologically after decalci- 
fication in 5 per cent nitric acid. As indicated in Table I, dogs 4, i3) 
15, 6, and 21 showed an open line along the proximal edge of the 
cartilage (Fig. 10), whereas all other dogs, including the 2 control 
animals, showed a bony seal along this edge of the cartilage whether 
the bony cortex of the distal end of the rib was incomplete (Fig. n) 
or complete (Fig. 12). The implications of this will be discussed. To 
supplement these observations, the prostate, testes, and costochondral 
junctions of 15 other dogs, normal mature males, have been studied. 
Twelve showed a bony seal at the proximal edge of the cartilage of 
the costochondral junction and had normal testes, but only n had 
normal prostate glands, the twelfth dog having a partly developed 
prostate. The other 3 had open cartilage at the costochondral junction 
and normal prostate and testes. Since genital maturity precedes skele- 
tal maturity by at least 10 years in man, as demonstrated by cessation 
of growth at the costochondral junctions, the supposition that a similar 
relationship holds in the dog is not unreasonable, allowing for the dif- 
ference in the life spans of the two species. From the evidence noted 
in the 15 additional control male dogs so far examined, the finding of 
a bony seal at the cartilage of the costochondral junctions of a dog 
indicates that his chances of having normal and active testes would 
be 100 per cent and of having a normal and fully developed prostate 
would be well over 90 per cent. 

Parathyroid Glands. The parathyroid glands of dogs receiving vi a 
min D alone or in combination with alkaline salts were smaller an 
normal glands. The cells were packed more closely, showed even ess 
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distinct cytoplasmic borders than the usually hazy outlines, and con- 
tained contracted nuclei with condensed chromatin and nucleoli which 
were often obscured (Figs. 13 and 14). The stroma and blood vessels 
were relatively more conspicuous. Measurements by a standardized 
micrometer ocular have been made on 50 representative nuclei of the 
parathyroid glands of each of 30 normal dogs. As shown in Table IV, 
the parathyroid nuclei of the dogs receiving vitamin D alone or in 
combination with alkaline salts were significantly smaller than those 
of the 30 normal dogs.. 

Table IV 

Statistical Comparison between the Size of the Nuclei of Parathyroid Glands in 30 
Normal Dogs and in 12 Dogs Given Large Doses of Vitamin D 



Range 

Sum of 
values 

Mean 

Sum of 
squares 
of values 

Sigma 

Standard 

errot'of. 

mean 

Normal (30) 
Experimental (12) 

A* 

5-8-6.S 

4-3-S-7 

i8ss 

640 

6.2 

S-3 

■n 

0.20 

0.37 

0.036s 

0.1068 


Standard error of difference = 0,113. 
Statistical significance = 7,5. 


Bone Marrow. The bone marrow was studied qualitatively by 
Giemsa staining. For the 12 dogs on vitamin D alone or in combination 
with alkaline salts, the marrow cell/fat cell ratio was reduced in 8 and 
increased in 2. The 2 sacrificed, which showed this ratio within normal 
limits, might have demonstrated a reduction had they died spontaneous- 
ly. The myeloid/erythroid ratio was increased in 10 of 12 dogs, decreased 
in one, and normal in one. In the 10 animals with an increased myeloid/ 
erythroid ratio, the neutrophilic granulocyte line was within normal 
limits in respect to composition, or was moderately shifted to the left. 
Eight of the 12 dogs showed atrophic fat cells in the bone marrow and 
4 exhibited normal fat cells. The fat cells showed shrinkage, loss of 
lipids, and increasing trend to a central position of their nuclei. The 
space which they formerly occupied was filled by basophilic fluid, fine 
granules, or filaments. The vertebral marrow of an experimental dog 
so affected (Fig. 15) contrasted strikingly with that of a control dog 
(Fig. 16). 

Bones. The ribs and vertebrae were studied routinely after decalcifi- 
cation in 5 per cent nitric acid. Dogs 9 and 20 displayed well developed 
osteoporosis (Fig. 17) in the vertebrae as well as in the ribs. This 
consisted of widening of Volkmann’s and haversian canals, filling .of 
, them by increased marrow, both red and yellow, a disappearance of 
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osteocj'tes from the bone at the margins of these canals, a peeling away 
of granular calcium and fragmented lamellae of damaged bone, a 
tliinning of the cortex, and a widening of marrow spaces in the medulla. 
Osteoclasts were absent. 

Qualitative Chemical Analysis oj Calcium Deposits. The more 
( abundant deposits, which were seen microscopically in sections stained 
with hematoxylin and eosin as dark blue granular or homogeneous 
masses and plates, were presumed to be calcium salts. These were 
analyzed by qualitative tests previously employed.^ The walls of the 
aortic sinuses in dogs 16, 19, and 9, the lungs of dogs i, 2, and 19, 
the kidneys of dogs 15, 16, 9, and 20, the gastric mucosa of dogs 15, 
16, 19, 9, and 20, the splenic capsule of dog i, and the pulmonic 
I artery of dog 19 all contained calcium phosphate by these tests. Car- 
's bonate was absent from all of these deposits. Especially interesting 
Was the negative reaction for carbonates in the lungs of dogs i, 2, and 
19, since the patient described ^ had only calcium carbonate in his 
lungs. 

Comment 

The choice of an activated ergosterol preparation as tlie source of 
vitamin D in these experiments was determined by the ready avail- 
ability of capsules, each containing 50,000 international units of the 
vitamin. The employment of doses of the magnitude of 100,000 to 
150,000 units daily might seem a waste of the vitamin, but deter- 
minations ^ of the intestinal excretion by dogs after a single massive 
dose of an irradiated ergosterol preparation demonstrated that the 
vitamin persisted in the feces for several months. Also, determinations 
of the serum levels of vitamin D in six human subjects receiving large 
doses ® over several months indicated that several weeks were required 
for the highest serum level of the vitamin to be attained and suggested 
that the vitamin as D2, because of the presence of an unsaturated 
bond,® is absorbed quite efficiently under normal conditions of alimen- 
tation until and after this maximal level is reached. Other experi- 
ments have showed the efficacy of vitamin D of plant origin (1)2) > 
as compared with that of animal origin (D3), in causing calcification 
of soft tissues. With irradiated ergosterol and tuna liver oil, both at 
various dosage levels,"'^ calcification was found in the kidneys, heart, 
stomach, lungs,, and aorta of rats, but the calcium deposits were much 
heavier when irradiated ergosterol was given, indicating that vitamin 
D2 is more efficacious unit for unit than vitamin D3 in causing soft 
tissue calcification. With both forms of vitamin D, the kidneys were 
the organs most involved by calcific deposits, an observation described 
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by several investigators.^ Another study ® on rats demonstrated that 
depression of growth, mortality, hypercalcemia, and visceral calcifica- 
tion were much more severe in the animals getting high levels of 
irradiated ergosterol than in those on comparable doses of fish liver 
oil concentrate. 

Much has been written ° with regard to the role of vitamin D in the 
absorption of calcium and phosphorus from the intestinal tract. Some 
workers have shown that the presence of vitamin D in the intestinal 
tract causes increased absorption of calcium and little effect on the 
absorption of phosphorus. Other evidence^® has indicated that the 
presence of the phosphate radical potentiates the absorption of vitamin 
D from the intestinal tract. An observation supporting the same con- 
clusion was the increase of tissue calcification obtained by vitamin D 
when a high phosphorus diet was given.^^ These observations,^®’ to- 
gether with the enhancement of soft tissue calcification by alkaline 
diets^^ and by the intravenous injection of sodium bicarbonate solu- 
tion,^® indicate that the employment of alkaline salts in the experiments 
described in the present paper would be efficacious in furnishing both 
a high level of phosphate ions to enhance absorption of vitamin D 
from the intestine and also alkaline salts to augment soft tissue calcifi- 
cation. Several other combinations of alkaline salts which might be 
similarly employed are readily and commercially available. In con- 
trast, alkaline diets alone result in relatively little soft tissue calcifica- 
tion.® A high calcium diet magnifies ° the action of vitamin D in the 
healing of rickets and in the production of soft tissue calcification, 
although this varies with the conditions of the experiment. 

The intermediate products formed from the ultraviolet irradiation 
of ergosterol in the production of vitamin D2, or calciferol, as well as 
the products formed from the overirradiation of calciferol were 
thought ® to be solely responsible for the toxic changes and tissue calci- 
fication when irradiated ergosterol was first used experimentally, while 
the antirachitic properties only were attributed to the calciferol. Oth- 
ers have demonstrated that the toxic-calcific and antirachitic activities 
of vitamin D2 obtained from irradiated ergosterol are parallel, and that 
other products formed in the overirradiation or overheating of ergosterol 
were apparently harmless when given in the same doses and for the 
same length of time. The antirachitic effects of irradiated ergosterol 
do not come into consideration, since the dogs used in the present 
experiments showed neither clinical nor pathologic signs of rickets. 

Several observations may be made concerning the data contained 
in Tables I to III. The smaller total amount of calcification in the tis- 
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sues of dogs 4, 13, IS, 6, and 21 with open cartilage at their costo- 
chondral junctions contrasted rather sharply with the more extensive 
calcification in dogs i, 2, 16, 19, 7, 9, and 20 with bony seals at the 
cartilage of the costochondral junctions. This could be due to the 
continuing demands by the unossified cartilage of the costochondral 
junctions for vitamin D, so that the substance would not be entirely 
free, although present in excess, for the calcification of soft tissues. 
The presence of new-formed bony spicules in the medulla of the ribs 
at the costochondral junctions with op>en cartilage would lend support 
to this hypothesis, since new medullary bone was not present when a 
bony seal was found at the costochondral junctions. 

The prime function of vitamin D is to exert its effects at areas of 
ossifying cartilage.® The tissues of dogs on vitamin D and alkaline 
salts showed a greater total amount of calcification than those of the 
dogs on vitamin D alone. The dogs on both vitamin D and alkaline 
salts also had much more calcium deposited in the lungs than those 
on vitamin D alone. Dogs receiving both sodium bicarbonate solution 
intravenously and vitamin D showed increased pulmonary as well as 
renal calcification by quantitative analysis.^® The patient described 
previously ^ had a tremendous amount of calcium in the lungs as com- 
pared with that found in his kidneys. This finding contrasted with the 
large amount of calcium noted in the kidneys of 8 other patients ® who 
received large amounts of vitamin D. The calcification of the base- 
ment membranes and cells and the calcific casts in the lumina of the 
proximal one-third of the ascending limbs of the loops of Henle in the 
kidneys in dogs 15, 16, 19, 6, 21, 9, and 20 were observed by Goor- 
maghtigh and Handovsky in dogs getting large doses of vitamin Do. 
They also found calcific casts in the lumina of the distal convoluted, 
connecting, and collecting tubules. 

Harrison and Harrison have found, more pronounced in. young 
dogs, a great increase in the tubular reabsorption of phosphate when 
vitamin D was given. With this increased absorption of phosphate and 
a high level of calcium ions in the urine being concentrated, the loops 
of Henle of the dog. would thus be especially vulnerable to calcification 
as indicated by the anatomic evidence in the present and previous 
experiments. 

Rats, which have a similar renal structure to dogs, placed on high 
phosphate diets by McFarlane and Oliver,^® developed calcification 
of the cells of the ascending limbs of Henle’s loops and of the cells 
of the ends of the proximal convoluted tubules, showing the importance 
of increased phosphate in the diet in causing renal calcification. The 
presence of calcific casts in the renal collecting tubules of the dogs 
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showing also calcification of Henle’s loops may be explained on the 
basis of calcified cells being sloughed in aggregates from these loops 
and carried by the urine distally. Even in dogs 4, 13, i, 2, and 7, in 
which calcium was not observed in Henle’s loops, calcification of single 
cells in these loops may have been too minimal to be detected micro- 
scopically, but the calcified cells conglomerated into casts were visible 
within the collecting tubules. Similarly, the 2 dogs on alkaline salts 
alone could have had these casts in the same manner through increased 
phosphate furnished by the sodium phosphate in the mixture. The only 
factor possibly responsible for these casts in the 2 control dogs was the 
relatively low calcium/phosphorus ratio, 1.33, in the stock diet, since 
a 2 : 1 ratio approaches the ideal more closely.^ Casts in the renal col- , 
lecting tubules have not been observed in dogs on the stock diet and 
used in other experiments in this laboratory. Leptospirosis was not 
found in any dog in the present series. 

In connection with the localization of calcium deposits in the loops 
of Henle in these experiments, the sections of kidneys of female dogs 
with bile fistulas, which had been given large doses of estrone, were 
reviewed. The lipid deposits in these kidneys were originally thought^” 
to be located in the cells of the cortical portions of the collecting 
tubules, but now have been more accurately localized in the cells of the 
distal two-thirds of the ascending limbs of the loops of Henle. 

Other factors favoring metastatic calcification in the tissues, includ- 
ing the heart, aorta, lungs, kidneys, stomach, and the miscellaneous 
sites summarized in Table II, have been discussed.^ 

The high degree of atrophy of the testes in the dogs receiving vita- 
min D alone or in combination with alkaline salts might be properly 
credited to the severe inanition noted in the last days of the experiment 
and at autopsy. Certainly, the atrophy of the lymphoid (thymus, 
spleen, lymph nodes, intestines, penile sheath) and adipose tissues 
could be explained on this basis. The possibility that there is a specific 
effect of vitamin D2 through the stilbenoid linkage present in its 
structure, similar to that in stilbestrol,^^ must be considered. The same 
reasoning might also hold for the atrophy of the prostate gland seen 
in dogs 4, 15, I, 19, 7, 9, and 20, although squamous metaplasia of 
ducts and acini caused by natural and synthetic estrogens, notably 
stilbestrol, was not observed. Harris and Moore found that male and 
female rats placed together for several months on a diet containing 
15 per cent cod liver oil failed to reproduce, but exact reasons for this 
phenomenon were not given. The patient ^ on vitamin D and alkaline 
salts showed aspermiogenesis. 

Atrophy of the parathyroid glands in the dogs on vitamin D alone 
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or with alkaline salts was apparently due to tlie vitamin itself. With 
hypercalcemia and h3'perphosphatemia resulting from hypervitaminosis 
D as previously discussed," the demands for parathyroid hormone are 
diminished, since the parathyroid glands are not called upon to maintain 
the blood levels of calcium and phosphorus by the normal degree of 
activity. The situation is different from that in secondary hyperpara- 
thyroidism in which the kidneys have been severely damaged first and 
the parathyroid glands are then stimulated to overwork hj'perplasia to 
aid in the excretion of excessive phosphate in the blood and by their 
overactivity later to raise the level of blood calcium. In hypervita- 
minosis D, increased levels of both blood calcium and blood phosphorus 
are thrust upon normal parathyroid glands, as well as upon normal 
kidneys, so that the glands undergo atrophy of disuse. No study of 
parathyroid glands of animals receiving large doses of vitamin D has 
been found to date, so that the observations reported will require 
confirmation. 

The decrease of the marrow cell/fat cell ratio in the bone marrow 
of dogs 4, IS, I, 16, 21, 7, 9, and 20 indicates either a direct effect of 
vitamin D or of the inanition resulting from its ingestion in large doses. 
The increased myeloid/erythroid ratio, also noted in the human pa- 
tient,^ in all animals on D alone or in combination with alkaline salts 
except dogs 16 and 19, might be interpreted as a specific effect of the 
stilbenoid linkage in vitamin Dg, since the first effect of stilbestrol on 
the bone marrow of dogs is to stimulate strongly neutrophilic granulo- 
cytopoiesis as has been indicated.^® Bronchopneumonia, ^videspread in 
dog 21 and early in dog 20, and acute focal cystitis in dog 6, probably 
contributed to this neutrophilic granulocytopoiesis, but infection was 
not found in the other 7 dogs concerned. The atrophic fat cells in the 
bone marrow of dogs 4, 15, i, 16, 19, 7, 9, and 20 were directly related 
to the severity of the percentage of original body weight lost, since 
these animals lost 36 to 61 per cent as compared to dogs 13, 2, 6, and 
21 which had normal fat cells and lost between 32 and 42 per cent. 
The atrophic fat cells in the bone marrow probably represented a fat 
depot depleted very late in severe inanition. The atrophic fat cells and 
the serous fluid in the spaces formerly occupied by normal fat cells 
constitute the condition of serous atrophy of the fatty bone marrow, 
a term much to be preferred to “gelatinous degeneration.” 

OsteQ poros is was seen, conspicuously in the vertebrae, only in dogs 
9 and 20, which were given vitamin D alone for shorter periods than 
those during which dogs i and 16 received both vitamin D and alkaline 
salts. This might indicate a sparing action of an alkaline diet in respect 
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to visible destructive skeletal changes. Perhaps a lower daily dose of 
vitamin D over a longer period of time might result in more profound 
skeletal changes in dogs whether this substance be given alone or with 
alkaline salts. In rats on vitamin D over a relatively long time bony 
changes were striking, especially in the cortical bone of the diaphysis. 

Summary 

1. Seven dogs receiving vitamin D and a mixture of alkaline salts 
and 5 given vitamin D alone showed inappetence, a loss of 32 to 61 
per cent of original body weight, hypodipsia, and apathy. Two dogs 
on alkaline salts and 2 control dogs did not exhibit these features. The 
dogs in each of the four groups showed characteristic stools. 

2. All dogs receiving vitamin D alone or in combination with alka- 
line salts revealed varying degrees of calcification in the endocardium 
of the left atrium, the walls of the aortic sinuses, the alveoli and 
alveolar ducts of the lungs, the mucosa of the fundus of the stomach, 
the loops of Henle of the kidneys, and miscellaneous sites. Five dogs 
with open cartilage at the costochondral junctions showed less total 
soft tissue calcification than the 7 dogs with bony seals at their costo- 
chondral junctions. The soft tissues of the 7 dogs on both vitamin D 
and alkaline salts revealed more calcification than those of dogs on 
vitamin D alone. This was true especially in the lungs. The morphologic 
characteristics of calcium in the kidneys were correlated with the 
physiologic mechanisms concerned. By qualitative chemical analysis 
calcium phosphate was found in the more heavily calcified sites. 

3. Atrophy of the testes, prostate gland, parathyroid glands, bone 
marrow, and of the l3miphoid and adipose tissues was discussed in 
relation to possible direct and indirect effects of vitamin D. ^ 

The assistance of Miss Emma Martin -with the tissue sections and of Mr. Glenn 
Mills with the photomicrographs is gratefully acknowledged. 
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Plate 85 

Fig. I. Dog 4. Calcium deposits in endocardium of left atrium. Single elastic 
fibrils involved in lower half. Abundant calcium impinged on inner aspect of 
myocardium in upper half. Lumen at right. X 50. 

Fig. 2. Dog 15. Deposition of calcium salts, mainly in intima of wall of aortic 
sinus. Lumen at right. X 50. 

Fig. 3. Dog i. Lung. Plates of calcium in walls of several alveoli and in wall of 
alveolar ducts in upper left-hand comer. X 125. 

Fig. 4. Dog 9. Calcification in Henle’s loops of kidney. Inner margin of cortex at 
top. Base of pyramid at bottom. X 35. 

Fig. 5. Dog 15. Calcium deposits in stroma of middle third of fundic portion 
of gastric mucosa. X 50. 

Fig. 6. Dog i. Atrophic tubules in testis. Entire tubule lined by spermatogonia 
in upper half. X i7S- 

Fig. 7. Dog 8. Normal testis. Well developed seminal epithelium and numerous 
spermia in a tubule, less than one-half of the length of which is depicted. 

X 175. 
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Plate S5 

Fig. S. Dog. I. Atrophic prostate. X 50. 

Fig. 9. Dog 8. Normal prostate. X 50. 

Fig. 10. Dog 6. Rib. longitudinal section. Open cartilage, new-formed medullar)* 
bony trabeculae, and incomplete corte.x at costochondral junction. X 35- 

Fig, II. Dog 16. Rib, longitudinal section. Bony seal along cartilage and incom- 
plete cortex at costochondral junction. Serous atrophy of fatty marrow. 
X 35- ■ 
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Platk 87 

Fig. i::. Dog n. Rib. longitudinal section. Bony .^eal along cartilage and complete 
cortex at costochondral junction. X 35. 

Fig. 13. Dog 16. Atrophic cells in parathyroid gland. Nuclei shrunken and 
stroma and blood vessels prominent. X 600. 

Fig. 14. Dog 8. Normal jiarathyroid gland. X 600. 

Fig. 15. Dog 16. Vertebral marrow. Reduction of marrow cells. Atrophic fat 
cells, one well seen in lower left-hand corner. X 450. 

Fig. 16, Dog 8. Normal vertebral marrow. Fat cell in lower right-hand corner. 
Megakar\’ocyte at left of center. Numerous marrow cells. X 450. 

Fig. 17. Dog 9. Osteoporosis, vertebra. Widening of Volkmann's and haversian 
canals. Fragmented calcium in dark, irregular bands in lower edge. Widened 
marrow spaces and peeling away of bony lamellae. X 50. 
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CICATRIZING ENTERITIS (REGIONAL ILEITIS) AS A PATHOLOGIC 

ENTITY 


Analysis of One Hundred and Twenty Cases * 

Shields Warren, M.D., and Sheldon C. Sommers, M.D. 

(From the New England Deaconess Hospital, Laboratory of Pathology, Boston ly. Mass.) 

Cicatrizing enteritis is a relatively uncommon^ nonspecific inflam- 
matory disease, usually diagnosed by exclusion of tuberculosis, syphilis, 
actinomycosis, and other bowel infections of specific etiology. In the 
voluminous literature the pathologic observations often are relegated 
to fine print. It is the purpose of the present article to emphasize the 
pathologic features, and especially the developmental stages, of cica- 
trizing enteritis. 

Historical Aspect 

What is now called cicatrizing enteritis or regional ileitis has been 
described under various names for over a century. The earliest case 
recorded was in 1806.^’^ Until relatively recently there have been only 
sporadic case reports, Braun,^ in 1909, described 7 cases with inflam- 
matory masses in the colon which had the appearance of neoplasm. 
These were not associated with diverticula and the cause of the inflam- 
mation could not be discovered. In 1913 Dalziel ^ described as “chronic 
interstitial enteritis” 9 cases characterized by thickening of the small 
or large intestines. Tietze ® included some similar cases in an encyclo- 
pedic article on inflammatory intestinal masses. Lawen ^ observed an 
unusual condition which he named “Appendicitis fibroplastica,” but 
later ® recognized as a variation of cicatrizing enteritis. 

Moschcowitz and Wilensky ® were the first to point out that many 
cases of nonspecific granulomas of the intestines had been diagnosed 
incorrectly as hyperplastic tuberculosis. The use of stricter criteria for 
diagnosis of tuberculosis, it was rightly predicted, would reduce the 
number of such cases. Mock provided confirmatory evidence of the 
nonspecificity of many of the cases called tuberculosis. He also consid- 
ered that cicatrizing enteritis should be diagnosed by exclusion of in- 
flammatory reactions of known cause. In the Continental litera- 
ture, the disease has been called “ileitis stenosans” or “ileitis ul- 
cerosa” and emphasis placed on the diverse kinds of injury and irrita- 
tion which can lead to inflammatory intestinal stenosis. 

♦Received for publication, May 21, 1947. ' 
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The classic article by Crohn, Ginzburg, and Oppenheimer,^® in 1932, 
renamed and defined regional ileitis so well tliat now, 15 years later, 
their statements would require few alterations. Recognition of more 
widespread intestinal involvement,^"'^® however, has led to proposals 
of inclusive terms such as cicatrizing enteritis and regional enter- 
itis,®^ and many others.®®'®" 


Table I 

Gross Features of Cicatrizing Enteritis in iso Cases {Male, 6o; Female, 60) 


Location 

Number of cases 

Perce ntajjc 

Ileum 

II2 



93 

Appendix 




24 

Proximal colon 

18 



IS 

“Skip areas” 

11 



9 

Jejunum 

5 



4 

Distal colon 

r 




Previous appendectomy 



1 

1 

37 

Meckel’s diverticulum 

4 




Other diverticula 

4 




Measurements of involved area 

Minimum 

Maximum 

Average 



wmmmm 

cm. 

AlEected length 



24,0 

Thickness of intestinal wall 



1. 1 

Diameter of lumen 


■1 

1.2 

1 

l 


General Features 

Cicatrizing enteritis typically involves a single short segment of 
terminal ileum, and hence the term regional ileitis is justifiably popular. 
It is of interest that the jejunum®®’®® and the cecum or ascending 
colon also are each affected in about 10 per cent of the cases. It 
is claimed that the disease is farthest advanced at its distal end and 
characteristically spreads upward,®®”®" but instances of distal extension 
also are reported.®^'®® The appendix may take part in the inflamma- 
tory reaction.®®'®®’®® Occasionally only the jejunum or colon is af- 
fected.'*®'^® The latter condition is rare, and many of the cases are 
open to question. Discontinuous “skip areas” of involvement in either 
or both the large and small intestine ®®’®* also have been described. In 
4 reported instances,®®'®® cicatrizing enteritis spread to a Meckel’s di- 
verticulum. There are no convincing reports implicating the esopha^s, 
stomach, or duodenum.®®"®® The localization and extent of cicatrizing 
enteritis in the present series will be found in Table I.* 

’^During the same period there were 240 cases of ulcerative colitis. 
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Most of the patients are less than 40 years old, and men and women 
are affected equally (Text-Fig. i). Occasional familial cases are re- 
ported.®®’®® There is no good evidence of special racial susceptibility. 
The names of patients in the present series indicate origins from all 
of the major stocks ’of the nation without any unusual predilection 
being apparent. One case in a Negro is included. 

Cicatrizing enteritis usually is observed by the pathologist in the 
chronic stage, and in the present series of 120 unselected cases, 112, 
or 93 per cent, were of this t5q)e. Reports of more than 99 acute and 
22 subacute cases were found in the literature consulted. 



AGE IN YEARS 

Text-Figure i. Age incidence and distribution by sex of 120 cases of chronic 
cicatrizing enteritis. 

The Acute Phase 

Acute terminal ileitis is rather common, as any surgeon will testify, 
yet the pathologist rarely has an opportunity to examine material from 
this condition. Clinically, these cases are indistinguishable from acute 
appendicitis, but as a rule the appendix is not involved grossly. The 
terminal 4 to 50 cm. of ileum and its mesentery are thickened, edema- 
tous, and hjqjeremic. There may be a small amount of exudate on the 
serosa, and at times a little cloudy or clear free fluid in the peritoneal 
cavity. Characteristically, the segment of inflamed bowel is red-purple 
or maroon,®^’®® with a sharp distal margin at the ileocecal valve and 
often an equally abrupt transition to normal appearing intestine at the 
proximal boundary. The acute form of the disease is more severe in 
young children, since the diameter of the bowel is smaller and edema 
easily produces obstruction.®®"®® 
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Information concerning clinical sequelae of acute ileitis is meager, 
but among 15 acceptable cases 12 patients (80 per cent) regressed, 
2 (13 per cent) progressed, and one (7 per cent) died. Because of the 
general impression that most patients with acute ileitis recover spon- 
taneously, the surgeon who finds this condition at operation usually 
either removes no tissue or performs an appendectomy.^®''- The appen- 
dices in 30 such cases were described as follows: acutely or 

subacutely inflamed in 2 cases each, chronic periappendicitis in 10, 
fibrosis in 3, lymphoid hyperplasia in 15, and negative in 8 cases. Two 
appendiceal mucoceles were present.'’^' IVIesenteric nodes examined 
in 7 cases were acutely inflamed in 4 and hyperplastic in 5 cases. A 
history of previous appendectomy is given in 28 per cent‘s® to 50 per 
cent of all cases of cicatrizing enteritis. 

Dalziel ® found the earliest histologic changes to be congestion, sub- 
mucosal edema, and irregular hemorrhages in the intestinal mucosa 
and submucosa. Crohn et described as the primary lesions oval 
mucosal ulcerations about i cm, in diameter witli axial polarity, located 
especially beneath the attachment of the mesentery. Ectasia of lymph 
and blood vessels and infiltration of polymorphonuclear leukocytes 
were present throughout all layers. 

Erb and Farmer reported the best documented case of acute ileitis 
and also the youngest: a 234-year-old girl who died on tlie eighth day 
of illness. Salient autopsy findings included peritoneal effusion, marked 
edema of the terminal ileum, cecum and proximal colon, with closure 
of the ileocecal valve, membrane-covered ulcers on the mucosal sur- 
faces of Payer’s patches, and enlargement of the regional l3Tnph nodes. 
Microscopically, edema was most prominent in the submucosa but 
involved the subserosa also. The inflammatory exudate consisted 
mostly of large endothelial leukocytes with pale vesicular nuclei. There 
were also some polymorphonuclear cells and striking necrosis of l3miph 
follicles. Some small veins were thrombosed and lymphatics were dis- 
tended with granular pink material. Sinusoids of the lymph nodes were 
widely dilated and at times filled with large mononuclear cells. 

In our series there was acute inflammation in 8 cases, but 5 of these 
represented acute exacerbations of cicatrizing enteritis of longer dura- 
tion. The 3 regarded as true acute cases occurred in women of 22, 25, 
and 36 years of age. The gross and microscopic changes were similar 
to those described by Erb and Farmer.'^® The acute inflammatory 
exudate and edema were accompanied by numerous large, round mono- 
cytic cells identical with Mallory’s endothelial leukocytes,®® 
or clumped in lymphatic spaces and injnterstitial tissues. The, 00 
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vessels and their endothelial cells took no active part in these processes. 
Ulceration was present in 2 cases, and in one the acute reaction ex- 
tended into the colon from the ileum. 

The Subacute Phase 

Because cicatrizing enteritis is characterized by remissions and ex- 
acerbations usually of indefinite duration, the subacute stage is not 
sharply distinguishable from the acute or chronic forms.®^’®^ Histories 
usually describe abdominal pain and indigestion of 2 to 6 months’ 
duration.®^’ Of the 6 reported cases of cicatrizing enteritis in which 
trauma was considered a causative factor, 4 had preoperative histories 
of difficulty for 2 to 4 months, and 5 showed gross and microscopic 
subacute cicatrizing enteritis. The ileocecal junction frequently is 
severely affected in the subacute and chronic stages and may be stenosed 
as a result of inflammation.^*^’ The changes in the bowel, mesen- 
tery, and regional lymph nodes are more extensive and intense than those 
seen in the acute phase and consist of a mingling of acute and chronic 
characteristics. Grossly, the intestine has some of the hyperemia of the 
acute phase, and also the boggy generalized edematous thickening of 
chronic enteritis. The bowel may be very friable as a result of exten- 
sive ulceration extending through the submucosa.®®’*’*’ The mucosa 
often has a reticulated pattern produced by coalescence of ulcers, leav- 
ing scattered islands of swollen mucosa. The ulcers are covered by a 
fibrinous or diphtheritic membrane and the inflammatory exudate is a 
mixture of polymorphonuclear leukocytes, lymphocytes, and plasma 
cells. Eosinophilic leukocytes may be more or less numerous, but they 
do not characterize the subacute reaction.®**’ The proliferation of 
endothelial cells of the l3nnphatics becomes more prominent in the sub- 
acute stage and giant cell granulomas begin to appear. These will be 
described at length later. In the mesentery and l5nnph nodes there are 
similar but milder inflammatory reactions. 

Our group includes 5 subacute cases. All occurred in women, aged 
20, 20, 23, 30, and 56 years. One involved only 1.5 cm. of sigmoid 
colon. 

The Chronic Phase 

A large majority of all cases of cicatrizing enteritis have a previous 
history of months or years of intermittent diarrhea and cramping ab- 
dominal pain, with intestinal stenosis. Intestinal obstruction may be 
obser\'ed but perforation with peritonitis is unusual.^®’ 

The gross appearance is often characteristic enough to be diagnostic 
(Fig. i). A sharply demarcated segment of intestine is indurated, 
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soggy, leathery, and is often compared to a rubber garden hose in size 
and consistency.'^' The wall is commonly thickened to about i cm. 
witli participation of all layers, and the lumen may be irregularly nar- 
rowed to 0.5 cm. or less (Fig. 2). At times the distal end of the process 
will barely admit a probe. Ulceration is not inevitably present, but as 
a rule there are shallow ulcers in the long axis of the bowel, especially 
beneath the mesenteric attachment. At times the ulcers are girdling or 
reticulated in pattern. The remaining mucosa may appear atrophic, 
normal, or h)T)ertrophic and polypoid. The serosa is hyperemic, dull, 
and occasionally bears white pinhead tubercles.^®" 

Mesenteric fat surrounds the intestine to an abnormal extent. The 
mesentery corresponding to the segment involved is uniformly thick- 
ened, stiffened, and contains large edematous lymph nodes. The fi- 
brosed mesenteric leaves produce irregularities in contour of the bowel, 
which may be slightly corrugated or distinctly shortened in “concer- 
tina” fashion.^®^'^®^ Intussusception is practical^ unknown, probably 
because of the restraining influence of tlie stiff edematous mesentery. 
Dense fibrous adhesions fixing the diseased bowel to adjacent structures 
are frequent. Proximal to the diseased portion there is usually both 
dilatation and hypertrophy of the bowel, occasionally with diverticular 
outpouchings. 

Roentgenologic study of an affected ileum may show defective filling, 
an irregular or tapering intestinal pattern proximal to the segment 
most severely involved, or occasionally the characteristic “string sign” 
produced by a thin stream of barium passing through the stenotic 
lumen.^°® 

Relatively few autopsy reports of cicatrizing enteritis are ex- 
tant,*^®'^”®"^^^ but data are sufficient to indicate that characteristic 
dianges have not been found except in the involved intestine and its 
mesentery and regional l5nnph nodes. Two of our 120 cases were studied 
at autopsy. A boy, 19 years old, had had a 3-year history of abdominal.. 
distress, and the anatomic findings were cicatrizing enteritis of jejunum 
and ileum, jejunal sinus, serosal fibrous adhesions of the small intestine 
with angulation and partial obstruction of the jejunum, healed appen- 
dectomy, healed laparotomy incision, serous atrophy of fat, emaciation, 
and hyperplasia of mesenteric lymph nodes. Death was due to intesti- 
nal obstruction. The other necropsy was of a Negro woman, 37 years 
old, who had regional ileitis, fecal fistula, partial intestinal obstruction, 
ileo-ileal and ileosigmoid fistulas, a recent ileocolostomy, abdommm 
and inguinal subcutaneous fecal sinus tracts, ulceration and necrosis 
of the abdominal skin, thrombosis of the inferior vena cava and exter- 
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nal iliac veins, echinococcus cyst of the spleen, pigmented lesions of the 
skin of the face, and an exostosis of the medial epicondyle of the right 
knee joint. The immediate cause of death was undetermined. 

The pathologic histology has usually been described as diffuse- 
chronic inflammation and edema ending in marked fibrosis.^®’ 

There are shallow, beveled, mucosal ulcerations coated with fibrin and 
inflammatory Cells, including pol3miorphonuclear leukoc3d;es, and be- 
neath them the submucosa is edematous and crowded with plasma 
cells, l5nnphoc3des, and eosinophils. Exudate of this type infiltrates 
all of the deeper layers and extends into the mesentery locally. The 
submucosal and subserosal lymphatics are dilated. The muscle is 
hypertrophied. The submucous and myenteric nerve plexuses appear 
prominent because the ganglion cells are swollen and the periganglionic 
l3miph spaces are dilated.* 

Focal granulomas frequently are observed scattered through the 
intestinal wall, in lymph nodes, or in These 

are formed by large mononuclear phagoc3des with one or more central 
giant cells, which are often vacuolated but usually do not contain for- 
eign bodies. While these foci somewhat resemble those of tuberculosis, 
they are easily distinguishable in most cases, and acid-fast bacilli are 
not present. The origin and significance of the giant cells are the source 
of considerable disagreement. Some authors believe 

that they are foreign body giant cells developing in response to vege- 
table fibers, crystals and lipids of dietary origin, or parasites,^^® all of 
which have been carried by l5miphatics from the depths of ulcers. 
Others 102,112,113,117,127-130 consider these giant cells to be identical with 
the Langhans t3q)e. 

Hadfield^®^’^^’^ has presented the most thorough study of the giant 
cells. In 13 of 20 cases of cicatrizing enteritis, he found obstructive 
lymphedema and lymphoid hyperplasia in the intestinal submucosa. 
Pale endothelial cell masses developed in the germinal centers of the 
lymphoid nodules and eventually replaced them completely. Giant cells 
then appeared in the centers of these enlarging granulomas, which he 
termed “^ant cell systems.” After reaching a certain size, the gran- 
ulomas thereafter slowly regressed without showing necrosis or fibrosis. 
Hadfield also found “giant cell systems” in lymph nodes, even when 
they were not present in the intestine. This fact has not been recog- 
nized generally.®®’ 

*No support has been found for a recent theory that this is the primary lesion, and 
cicatrizing enteritis a neuropathy fact, siinflar changes are found in ganglia of 
cases TOth intestinal neoplasms or ulcerative colitis. 
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In the present series there were several chronic cases which v/ere in 
a stage sufficiently early to permit better evaluation of the processes 
involved than was possible with the few acute and subacute examples 
available for study. The degree of ulceration and secondary enteric 
infection is quite variable; often it blots out any previous pathologic 
change, but at times it is absent. Examination of appropriate speci- 
mens has shown the existence of sequential changes, which have not 
been described previously, leading to the obstruction of lymphatics and 
formation of granulomas in the intestinal wall and lymph nodes. 

In the earliest stage, small foci of leukoc5des closely resembling the 
endothelial cells of lymphatics appear in the lacteals of the lamina 
propria, between the glands and the muscularis mucosae. These endo- 
thelial cells change from flat to polygonal, with abundant granular 
eosinophil cytoplasm and somewhat prominent hyperchromatic nuclei. 
Proliferation of these cells continues and finally blocks the l3rmphatics 
(Fig. 3). In slightly later stages similar masses of proliferating endo- 
thelium obstruct l5nnphatics in the submucosa and subserosa (Fig. 4)- 
Mitotic figures are found among these cells. The reaction is sharply 
focal and intervening stretches of the Ijnnphatic are dilated. There is 
accompanying edema, but no local necrosis or inflammatory exudation; 
in fact the formation of granulomas is best observed in places devoid 
of inflammatory cellular infiltration. 

Once the larger lymphatics become completely blocked deep in the 
submucosa and subserosa as well as in the lamina propria, eosinophils 
and then l5rmphoid cells surround these endothelial masses in increasing 
numbers. The endothelial cells become more closely massed and tend 
to coalesce, forming giant cells. Incomplete stages in this process can 
be found in which individual endothelial cells are partly fused. The 
giant cells often contain vacuoles or polymorphonuclear leukoc5des, 
but only rare giant cells in ii of 61 cases contained ingested foreign 
bodies. The vacuoles are frequently marginal and give the giant cell 
a scalloped appearance, making it difficult to determine whether these 
are fluid inclusions which do not stain for fat or cytoplasmic threads 
clinging to the edges of the original lymphatic and producing a false 
appearance of vacuolization (Fig. s)- In some cases the granulomas 
resemble atypical lymph follicles (Fig. 6). 

Of the 120 cases, 100 (83 per cent) showed significant granuloma- 
tous response in the intestine. This was marked in 68 cases, and m 
32 it required search amid the secondary inflammation to find accep 
able foci. Giant cells were present in 51 specimens of intestine (43 
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per cent). Lymph nodes were studied in 93 cases, and 67 (72 per cent) 
showed endothelial response of the type described. The response was 
marked in 54 of these cases, and 28 (30 per cent) contained giant 
cells. There was no formation of granulomas at all in 12 (10 per cent) 
of the 120 cases, but in 4 of these no lymph nodes were isolated for 
study. 

Necrosis within these granulomas is uncommon whatever their loca- 
tion, but was present in 8 of 61 cases (13 per cent). The centers are 
replaced by coarsely beaded red material of so-called fibrinoid appear- 
ance, and in 3 cases polymorphonuclear leukocytes also were present 
(Fig. 7). No caseous necrosis was observed. More commonly, these 
granulomas are replaced slowly by hyaline collagenous material con- 
taining scattered shrunken nuclei, and this process sometimes forms a 
prominent feature histologically. 

An identical sequence of changes is found in the mesenteric lymph 
channels of the affected segment and in its regional lymph nodes (Fig. 
8). The granulomas may become very prominent in these lymph nodes, 
and are not all of the same stage. In fact at times all variations from 
early thickening and partial or complete desquamation of the sinusoidal 
lining cells, through well formed endothelial masses, to masses partly 
or completely replaced by hyaline material are found in nearby nodes. 
Three cases of the present series had calcified mesenteric lymph nodes, 
and in one necrosis suggested coincidental tuberculosis. A single gran- 
uloma with giant cell was observed in the liver of one of the 2 cases 
autopsied, and material from a third autopsy which was studied had 
several similar hepatic granulomas (Fig. 9). 

The outstanding secondary process which follows and often obscures 
the changes described is ulceration. This is not observed until edema 
of the intestine is well established, and at no stage do the intestinal 
blood vessels or the lymphoid tissue show any definite microscopic 
abnormalities which might predispose to the formation of ulcers. As 
soon as ulcers develop they are surrounded by a mixed exudate of 
eosinophils, lymphocytes, plasma cells, and poljunorphonuclear leuko- 
cytes with a variable and usually small amount of fibrin in the ulcer 
bases. The ulcers extend to, or sometimes into, the muscularis, sur- 
rounded by heavy collars of granulation tissue. Nonspecific acute and 
chronic inflammation now merges with the distinctive primary gran- 
ulomatous process and it can no longer be distinguished. 

Formation of fistulas by extension of this ulceration to abdominal or 
perianal skin often attracts clinical attention and leads to the diagnosis 
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of cicatrizing enteritis. In different series fistulas were reported 
in 23 to 36 per cent of the cases. In Table II is shown the incidence 
in our series. It is estimated that at least 10 per cent of all fecal fistulas 
are caused by cicatrizing enteritis.^*'’® Patliologic study of the tracts has 
revealed no special characteristics.^^^ Abscesses often are formed as a 
by-product of the fistulas. The rarity with which peritonitis is encoun- 
tered in cicatrizing enteritis is due to tlie slow extension of secondary 
inflammation, which may be retarded by the widespread l5miphatic 
obstruction already present. 


Table II 

Coviplications of Cicatrizinfi Er.teritis 



Number of ca5C5 

Percentage 

Adhesions 

31 

26 

Total fistulas; 

32 

27 

Intestine-intestine 

12 

10 

Intestine-skin 

12 

10 

Into inesentery or rclropcritoncuin 

7 

6 

Sigmoid-bladder 

1 

• * 


Reparative tendencies are found in chronic cases, with fibrosis of 
the inflamed wall, and the ulcers are covered by a thin layer of primi- 
tive or metaplastic epithelium.'*® The muscular layers are hypertro- 
phied. One case of mucinous adenocarcinoma of the ascending colon, 
found apparently arising in intestine affected by cicatrizing enteritis, 
is included in the present series. The relationship may be coincidental, 
as there are no similar cases in the literature. 

Resection is the surgical treatment of choice, and this is said to 
cure 83 to 85 per cent of the cases.^^^"^"*^ On the other hand, simple 
side-tracking operations are successful in from 49 to 87 per cent. 
Attention has been drawn in the literature to postoperative recurrences 
of cicatrizing enteritis proximal to the resected segment in a total of 
II cases. Recurrence may become apparent clinically as late as 10 
years after operation.^^®’^'^® One woman who died of unrelated cause 
9 years after an ileocolostomy for regional ileitis had at autopsy a 
terminal ileum of which the lumen had been almost completely oc- 
cluded by a contracted indurated mesenteric sheath.^®® Microscopi- 
cally, this unused segment of ileum still showed chronic inhalation 
of the mucosal surface, edema and thickening of the wall, with mus- 
cular hypertrophy. 

Medical treatment also has its adherents.^^^’^^® 
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Differential Diagnosis 

The problem of distinguishing between acute cicatrizing enteritis 
and dysentery typhoid fever,^®*"’^®® amebic dysentery, “intestinal 
or the effects of chemical irritants does not arise very 
often. When it does, all available clinical and laboratory data usually 
are required to make the proper diagnosis. 

Chronic cicatrizing enteritis, in its characteristic form, is not easily 
confused with other lesions. Differentiation from tuberculosis is prob- 
ably the most troublesome.^®® Intestinal tuberculosis is usually wide- 
spread, and the organisms are present in the stool. Clinically well 
studied cases of cicatrizing enteritis have shown no evidence of tuber- 
culosis.^®^ Microscopically, the presence of granulomas with giant cells 
provides the main source of difficulty in distinguishing the two diseases. 
The granulomas of cicatrizing enteritis have a disorderly appearance 
with indistinct cell boundaries, the endothelial cells are mixed with 
lymphocytes, and the giant cells are scalloped and irregular in size and 
shape. Caseous necrosis is lacking and acid-fast bacilli are absent. 
The term cicatrizing enteritis has now absorbed almost all of the cases 
once called h3rperplastic tuberculosis of the intestine, and the latter 
term is practically obsolete.^®^’^®^ 

The resemblance between the granulomas of cicatrizing enteritis and 
sarcoid has been noted by many authors, some of whom have consid- 
ered them morphologically indistinguishable.®'^’ 

Two recent cases ^®® reported as “isolated sarcoidosis of intestine” 
showed noncaseous tubercles in the small intestine, negative tuberculin 
tests, and negative stool studies for tubercle bacilli. The evidence pre- 
sented, however, did not convincingly exclude them as examples of 
cicatrizing enteritis. Blackburn et failed to find positive evidence 
of sarcoidosis in 16 cases of regional ileitis. Analysis of 50 autopsied 
cases of sarcoid is of interest in this connection. Seven of these 
cases had some involvement of the intestine, which was tuberculous in 
2 ^ 164,176 generalized through stomach and bowel in 

local sarcoid of the descending colon in one,^®® and an indeterminate 
granuloma possibly complicated by syphilis in one case.^®® Microscopi- 
cally, the granulomas of sarcoid are larger, more numerous, and lack 
the l3nnphocytic infiltrate seen in cicatrizing enteritis. The spiculated 
bodies seen in the giant cells of sarcoid were absent from all of the 
giant cells of the 61 appropriate cases of cicatrizing enteritis in our 
series. Therefore at present one must reject the idea that sarcoidosis 
and cicatrizing enteritis are the same disease. 
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While the granulomas of cicatrizing enteritis are essentially different 
in structure from those of sarcoid and tuberculosis, they are not pa- 
tliognomonic. Identical cellular aggregates sometimes are observed in 
diverticulitis, cancer, and lymphoma of the intestine. At least 3 other- 
wise typical cases of ulcerative colitis, which we have observed, con- 
tained tliese granulomas in the colon and regional lymph nodes. 

Ulcerative colitis involves the ileum in about 25 per cent of all cases, 
and clinically may be difficult to distinguish from cicatrizing enteri- 
tjs. 44 , 08,181 However, the pathologist usually finds distinct differences. 
No matter how extensive ulcerative colitis becomes, the intestine does 
not undergo the marked fibrotic and edematous thickening found in 
cicatrizing enteritis. Microscopically, in ulcerative colitis one finds 
acute inflammation with fibrin, h3rpersecretion of mucus, edema, ne- 
crosis, sloughing of the mucosa, intense inflammation, granulation 
tissue, and fibrosis all taking place chiefly in the mucosa and sub- 
mucosa.^®“'^®® The sluggish, progressive inflammation with tubercle- 
like structures of cicatrizing enteritis involves all layers of the intestine 
and is accompanied by more marked edema, fibrosis, and muscular 
hypertrophy. 

Regional colitis,^®^’^®^’^®'^ which attacks the proximal colon and 
spares the sigmoid, and hyperplastic colitis,^®® in which a localized 
inflammatory mass is formed, apparently do not differ pathologically 
from ulcerative colitis. One must, however, be prepared to recognize 
skip areas of cicatrizing enteritis in the proximal colon. 

Amebic dysentery reaches the terminal ileum only in a late general- 
ized stage. In the older cases fibrosis may cause considerable thicken- 
ing of the bowel, but this is seldom comparable to the amount found 
in cicatrizing enteritis, and the distribution of the ulcerations is a 
useful distinguishing feature. 

Bacillary dysentery affects the colon much more often than the small 
intestine, producing necrosis of lymphoid tissue leading to ulceration.^®^ 
Chronic edematous induration of intestine and mesentery is not found 
as in cicatrizing enteritis. Microscopically, the inflammation in dysen- 
tery is located mainly near the mucosal surface, and there is no diffuse 
granulomatous process infiltrating the intestine, mesentery, and re- 
gional lymph nodes. 

Lymphogranuloma venereum of the colon occasionally may suggest 
cicatrizing enteritis grossly.^^^ , Granulomatous inflammation present, 
with tubercles the centers of which are necrotic and contain 
morphonuclear leukoc5d;es. Elsewhere there is diffuse plasma ce 
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infiltration. These microscopic findings do not resemble cicatrizing 
enteritis. The Frei test will aid clinical differentiation.^®® 

Talc granuloma, usually caused by excess powder on gloves at lapa- 
rotomy, may produce a gross appearance indistinguishable from regional 
ileitis, and the presence microscopically of doubly refractile crystals 
surrounded by epithelioid or giant cells should always suggest inquiry 
as to this possibility. Lichtman and co-workers found crystals 
in about 25 per cent of 198 cases at the Mayo Clinic, originally called 
noncaseous tuberculosis of ileum, and believed that 33 (16 per cent) 
contained enough doubly refractile crystals to be of etiologic signifi- 
cance. They listed more than thirty-five other pathogenic agents which 
could produce pseudotuberculous granulomas. Five of our cases con- 
tained doubly refractile material, but only one had extensive deposits. 
The specimen was from the jejunum of an 1 8-year-old girl who had 
no previous operation, and the origin and significance of the crystals 
are unknown. 

Etiology 

Most clinical authors have considered cicatrizing enteritis to be an 
infection of unknown cause,®'^’^®^’^^^’^®^ and bacteriologic studies of 
many cases have failed to reveal a specific agent. In a case of Erb 
and Farmer a nonmotile Escherichia coli variant was isolated in pure 
culture from the intestine, blood, and abdominal organs. Three of 
their 6 patients with acute ileitis possessed serum agglutinins against 
this same organism in a titer higher than 1:160. Attacks of acute 
ileitis also have been associated with severe pharyngitis ^®^ or diph- 
theria.^®® Various bacteria of doubtful pathogenicity, such as anerobic 
streptococci,^®^ Bacillus proteus, and Aerobacter aerogenes also 
have been isolated. Pumphrey ^®® commonly found no growth of bac- 
teria from uncontaminated surgical specimens. No positive evidence 
of viral etiology has been reported. 

Numerous other suggestions have been made. Felsen consid- 
ered both cicatrizing enteritis and ulcerative colitis to be related to 
bacillary dysentery. Trauma and lack of good collateral circulation 
have been blamed.®® Sympathetic h5q)erexcitability of the terminal 
ileum has been suggested.^®'^ Some writers have implicated allergy, 
partly because of the numerous eosinophils present.®^’^®® Other arti- 
cles have stated that the disease is a complication of appendicitis, 
but most authors agree with Mixter ^®^ that an unoffending appendix 
frequently is removed. The primary site of cicatrizing enteritis is gen- 
erally thought to be in the intestine,^^’®®’®®’^^®’^®® but a few writers have 
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concluded that disease of mesenteric lymph nodes is the cause.®®’”^'^”®'^®® 

None of these ideas is entirely acceptable, and the etiology remains 
unknown. Pugh remarked that absence of a known etiologic agent 
is a prerequisite for the diagnosis of cicatrizing enteritis. The micro- 
scopic picture is that of a response to lipid, such as is produced 
experimentally by injection of animal oils, according to Pinkerton.^®^ 
Fat stains of the granulomas and giant cells in 5 cases of the present 
series were weakly positive. The granularity of the cytoplasm of the 
giant cells suggested finely divided lipid. It is suggested that fat- 
containing chyle may escape from the damaged lymphatics and act 
as a chronic irritant to interstitial tissues. 

Pathogenesis 

That cicatrizing enteritis is a clinical, but not a pathologic 
entity has been the general opinion held by most physi- 

cians, despite claims to the contrary.®”'^”^ It is true that in the late 
ulcerated and fibrotic stage with its microscopic picture of banal 
chronic inflammation, fibrosis, abscesses, and fistulae, characteristic 
features rarely will be found. But observation of earlier lesions has, 
we believe, shown a sufficiently uniform process of special typ>e to war- 
rant considering cicatrizing enteritis a pathologic entity. Sections 
taken through the most severely ulcerated and secondarily infected 
portions of intestine are less characteristic microscopically than those 
from less damaged intestine, particularly around the proximal edge 
of the grossly changed segment. Likewise, the largest available lymph 
nodes more often show only inflammation and edema, while medium- 
sized nodes are richer in granulomatous endothelial and giant ceU foci. 

Lymphatic obstruction has been favored by many authors 
202,203 ^ most important factor in the development of cicatrizing 
enteritis, but has been observed previously only by Blackburn ef al}^^ 
According to these authors, the primary lesion is a specific hyperplasia 
of lymphadenoid tissue in the submucosa and the regional lymph 
nodes. The lymphatics are obstructed by lymphocytes. In our series 
lymphatic blockade also was observed, but was the result of endothelial 
cell proliferation and desquamation. Superficial erosions may be in- 
duced by the marked edema and in time be followed by secondary 
infection, lumpy abscesses, sinus tracts, fibrosis, and adhesions. Strom- 
beck explained the predilection of the ulcers for the mesenteric side 
of the bowel on the basis of fixation of the vessels by phlegmonous 
edema of the mesentery. 

The experimental work of Reichert and Mathes^®^ adds further 
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evidence in support of the fundamental significance of l5nmphatic block. 
Sclerosing solutions injected into cannulated lymphatics in the intes- 
tines of dogs produced gross and microscopic changes resembling cica- 
trizing enteritis. Almost all of the animals showed acute lymphedema, 
and the l3nnphatics were filled and blocked by large pale cells. After 
I month, chronic lymphedema with greater submucosal thickening was 
observed, but the inflammatory cells disappeared. Intravenous intro- 
duction of, Escherichia coli enhanced these changes. Sclerosis of the 
intramural intestinal lymphatics was not achieved; had it been, more 
severe mucosal changes probably would have occurred. The conclusion 
drawn was that both low-grade chronic infection and chronic perma- 
nent lymphedema formed the basis of regional cicatrizing enteritis. 

The suggestion that the primary lesion is a proliferation 

of interstitial elements which may interfere with the blood supply and 
thus cause necrosis, ulceration, and cicatrization does not explain the 
characteristic edema. Again the hjrpothesis of minor superficial ulcers 
as a portal of entry for a slowly spreading infection of low virulence 
is open to objection, since numerous cases show marked disease of the 
bowel with slight or absent ulceration. 

Summary 

One hundred and twenty unselected cases of cicatrizing enteritis 
have been analyzed together with a comprehensive review of the litera- 
ture on the acute, subacute, and chronic stages of the disease. The 
terminal ileum of a young adult is most often affected, in either sex and 
of any race, but the jejunum, upper ileum, appendix, cecum, or colon 
may be involved. The etiology is unknown. The characteristic gross 
findings are sharply demarcated induration and edema of intestine and 
its mesentery, with enlargement of regional l3miph nodes. Microscopic 
sequences indicate that swelling and proliferation of lymphatic endo- 
thelium in intestine and l5miph nodes cause occlusion of lymphatics and 
resulting edema. Granulomas containing giant cells are formed by 
these cells throughout the intestinal wall and in mesentery, lymph 
nodes, and liver. These granulomas slowly hyalinize, usually without 
necrosis, or are obscured by secondary bacterial infection. In late 
stages, subacute and chronic inflammation, fibrosis and muscular hyper- 
trophy of the intestine are prominent. Cicatrizing enteritis is an ac- 
ceptable pathologic entity. 

We ■wisli to express our appreciation to Drs. Olive Gates and William A. Meissner 
for many valuable suggestions in the preparation of this article. We are indebted 
to the Lahey Clinic for much of the surgical material. 
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DESCRIPTION OF PLATES 


Plate 88 

Fig. I. Cicatrizing enteritis of the terminal ileinn, sparing the cecum and appendix. 
Thickening of the small intestine and its mesentery is present, with stenosis 
of the lumen. The patient was a boy, i6 years old. 

FIg. 2. Ileum from cicatrizing enteritis on the left. Normal ileum is on the right. 

Fig, 3. Ileum of early chronic cicatrizing enteritis, showing granulomas in the 
lamina propria on each side of the base of a villus. Phosphotungstic add- 
hematoxylin stain. X 40. 
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Plate 89 

Fig. 4. Ileum in chronic cicatrizing enteritis, showing endothelial cells proliferating 
and blocking a submucosal lymphatic. Phosphotungstic acid-hematoxA'lin stain. 
X 800. 

Fig. 5. Lymph node. Giant cells in a granuloma, showing different stages of forma- 
tion, and peripheral scalloping. Phosphotungstic acid-hcmatox>din stain. X 200. 

Fig. 6. Fully developed granulomas in the submucosa beneath intact mucosa. These 
simulate lymph nodules. Phosphotungstic acid-hcmato.\ylin stain. X 30. 

Fig. 7. Lymph node. Necrosis in a granuloma of cicatrizing enteritis. The intesti- 
nal granulomas in this case also showed necrosis. Phosphotungstic acid- 
hematoxylin stain. X 125. 

Fig. 8. Granuloma around a lymphatic in the mesenter>'^ of cicatrizing enteritis. 
Phosphotungstic acid-hemato.\ylin stain. X 200. 

Fig'. 9. Granuloma in the liver of an autopsied case of cicatrizing enteritis. Phos- 
photungstic acid-hematoxylin stain. X 200. 
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HEPATIC AND RENAL INJURY WITH CALCIUM DEPOSITS AND 
CIRRHOSIS PRODUCED IN RATS BY PYRIDINE* 

James H. Baxter, M.D. t 

{From the Department of Internal Medicine, Southwestern Medical College, Dallas, Texas, 
and the Department of Biochemistry, Cornell University Medical College, 

New York, N.Y.) 

Observations made in a series of nutritional and chemical investiga- 
tions of the mechanisms of the hepatic and renal injury produced by 
pyridine are presented in this report. P3n:idine was chosen for use in 
these studies because of the possibility that it might, by its methylation 
in the body,^ cause hepatic and renal injury by draining the labile 
methyl groups from choline and methionine, and thus produce an 
“intrinsic” deficiency of these substances.^’® The observations that 
pyridine produced hepatic and renal injury, which was prevented to a 
considerable extent by methionine,® and that the already methylated 
product of pyridine, in equivalent amounts, did not produce the le- 
sions,^ seemed to be in favor of this hypothesis. However, because of 
the failure to obtain the methylated product from the urine of the 
animals fed pyridine, while it was readily obtained from those fed the 
already methylated product itself,^ and particularly because of the 
ineffectiveness of methyl-containing choline in preventing death of the 
animals, but effectiveness of non-methyl-containing cystine (although 
the efficacy of cystine was markedly enhanced by simultaneous admin- 
istration of choline),® it now appears that if this mechanism played a 
part in the observed toxicity of p3T:idine, it was not the only or most 
important one.® Possible mechanisms of action of pyridine in causing 
renal and hepatic damage will be considered in other reports. 

Pyridine is included in the structure of many biologically active sub- 
stances, and is formed in small amounts in the burning of tobacco and 
the roasting of coffee. Its toxic actions, particularly on protracted 
administration, have not been studied extensively, and apparently 
there have been no investigations of the effects of its administration in 
the diet. Pyridine has not been regarded as a highly toxic substance 
by most investigators. Pollock, Finkelman, and Arieff,® in 1943, re- 
viewed the subject of pyridine toxicity and reported the effects of pro- 
longed administration to 5 patients, 2 of whom became seriously ill, 

* Presented at the meeting of the New York Pathological Society, May 22, 1947. 

Received for publication, June 6 , 1947. 

t Welch Fellow in Internal Medicine of the National Research Council. Now at the 
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S03 



504 


BAXTER 


apparently due to hepatic and renal damage. Pyridine usually has not 
been listed among tlie substances producing hepatic and renal injury,"^ 
however, and tliere have been no reports of the production of cirrhosis 
by means of tliis agent. 

ExPERiaiENTAL MATERIALS AND METHODS 

Animals. More than 300 rats have been fed diets containing pyri- 
dine, with or without otlier supplements, for periods up to 4 months. 
At tlie end of 4 months on the pyridine-containing diets, some of the 
animals were placed on stock diet and have now been observed for an 
additional 2 months, although few of the latter animals have been 
autopsied. 

In most experiments, young male rats (Sprague-Dawley or Sher- 
man) after weaning were placed for about i week on stock diet and 
then transferred to the experimental diets, some of which contained 
pyridine. Control groups were run in each experiment. Older rats 
have been used to a limited extent, with results which did not differ 
markedly from those obtained with young rats. 

Pyridine. In the early experiments, redistilled pyridine was added 
to the diets and considerable care exercised to prevent loss by evapora- 
tion. In later experiments, pyridine citrate (A. D. Mackay Co.) was 
used, and the effects apparently were in no way different from those 
of equivalent amounts of pyridine itself. Pyridine also was adminis- 
tered by injection to small groups of animals. The effects of pyridine 
given daily by subcutaneous injection, and by stomach tube during a 
fasting period, were compared, in paired-feeding experiments, with the 
effects of equal amounts of pyridine given in the diet. Pyridine itself, 
rather than pyridine citrate, was used for the injections, because of the 
severe irritating effect of the latter agent. 

Diets. In the beginning, because of the idea expressed above con- 
cerning the mechanism of action of pyridine, it seemed desirable to 
use an experimental diet low in choline and methionine, but not so low 
that pathologic lesions would result from the diet alone, during the 
experimental period. Later, this diet seemed undesirable because in 
spite of control groups, it was difficult to be certain that the inadequate, 
or at least suboptimal, diet was not partially responsible for the lesions 
observed. A diet which was higher in protein was then used, and finally 
a diet containing optimal levels of casein and choline was adopted. The 
biologic value of this third diet was not increased by further additions 
of casein and choline. 

The compositions of the diets are shown in Table I. 
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Choline Content of Diets. Diets i and 2 contained no added choline. 
The yeast, starch, and casein per kg. of these diets contained approxi- 
mately 250 mg. of choline as determined by Click’s modification^ of 
the Reineckate method. On these low-choline diets, young animals 
which were above the most susceptible age never died with the hemor- 
rhagic-kidney syndrome^ of choline deficiency, apparently because of 
the small food intake and an effect of the starch which has been investi- 
gated.more fully and reported elsewhere.^® Animals on diet i, and to a 


Table I 

Composition of Experimental Diets 



No, I 

No. a 

No. 3 

Casein* 

10% 

H 

00 

25% 

Lard 

20 

20 


Hydrogenated vegetable oil 


— 

19 

Corn oil 


— 

I 

Sucrose 

30 

22 

SI 

Corn starch (^^Argo^O 

29 

29 


Salt mixture (Osborne and Mendelf) 

4 

4 

4 

Yeast 

5 

s 


Cod liver oil 

2 

2 


Vitamin supplements and choline 

j 

i 

j 


+ 


Thiamine chloride 

Pyridoxine 

Riboflavin 

Ca pantothenate 

Nicotinic acid 

Inositol 

Ascorbic acid 


Supplements per kg. of diet 3 
20 mg, Para-amino-benzoic acid 10,0 mg, 

20 mg. Biotin o.i mg. 

30 mg. Folic acid ^ 0.2 mg. 

50 mg. 2-Methyl-i, 4-naphthoquinone 1.5 mg. 

200 mg. d?-a-Tocopherol acetate 15.0 mg. 

500 mg. Vitamin A cone. 60,000 U. S. P. units 

500 mg. Vitamin D cone. 6,000-10,000 U. S. P. units 

Choline chloride 2.0 or 3.0 gm. 


♦ Only the casein used in diet 3 was vitamin free. 

t Osborne, T. B., and Mendel, L. B. The relation of growth to the chemical constituents 
of the diet. /. Biot. Chem., 1913, 15, 311-326. 


lesser extent on diet 2, grew more slowly than those on diet 3, but no 
extensive pathologic lesions were observed during the experimental 
periods on these suboptimal diets (up to 2 months) . 

Examination of Urine and Blood. A number of animals were kept 
in metabolic cages and the urine collected. The specimens were exam- 
ined for albumin, and in a few instances for blood, sugar, and pigments. 
Hemoglobin determinations were done colorimetrically on samples of 
tail blood from a small group of rats, before and after 2 weeks on the 
pyridine-containing diet. The animals were then sacrificed and the 
blood examined spectroscopically.' Urea and sugar determinations were 
made on the blood of a few animals in the acute stages of illness due 
to pyridine. 
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Examination of Animals and Tissues. Animals were autopsied im- 
mediately after death or when death appeared imminent, and the 
organs examined grossly. Other animals were sacrificed at various 
intervals in order to study the different stages of injury. 

Organs were then fixed in lo per cent neutral formalin or absolute 
alcohol. Sections of livers and kidneys of most of the animals and 
sections of other organs of a few animals were examined microscopn 
ically after staining with hematoxylin and eosin. The following stains 
or methods also were employed in some cases: potassium ferrocyanide- 
hydrochloric acid for iron, Giemsa’s stain, sudan IV, carbol fuchsin, 
Mallory’s phosphotungstic acid hematoxylin, Masson’s connective tis- 
sue stain, and von Kossa’s silver nitrate method for calcium, with and 
without previous treatment of sections with 5 to 10 per cent concen- 
trated hydrochloric acid. A few unstained sections were examined for 
pigments and highly retractile substances with visible light, and for 
fluorescent material with ultraviolet light. 

hiflttence of Diet on Restdts 

The results of feeding pyridine in the different diets were essentially 
the same, with a few exceptions. Raising the casein level increased 
somewhat the resistance of the animals to the effects of pyridine, so 
that it was necessary to increase the pyridine levels simultaneously, in 
order to obtain approximately the same results. The pyridine levels 
that have been used with the various diets in most cases were as 
follows: diet i, 0,34 per cent pyridine citrate (or o.i per cent pyri- 
dine); diet 2, 0.7 per cent p3Tidine citrate; and diet 3, 0,7 to i.o per 
cent pyridine citrate. 

The animals placed on diet i containing pyridine usually showed a 
decreased food intake and immediate cessation of growth, whereas 
those fed diets of higher protein level plus pyridine continued to eat 
and grow fairly normally even to the time of death. The third differ- 
ence observed was the presence of more fat and the earlier develop- 
ment of extensive fibrosis in the livers of the pyridine-treated animals 
on diet i, and perhaps on 2, than on 3. Thus it was apparently possible, 
by raising the choline and casein levels, to reduce the fatty changes and 
fibrosis, without reducing the necrosis. 

Rather large vitamin supplements were used with diet 3 to insure 
adequate intake of vitamins even in cases in which the food intake 
decreased to low levels. A small number of animals were run on the 
same diet with yeast and corn starch added, with no appreciable differ- 
ence in results. Since diet 3 was used in most of the recent studies, and 
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since the lesions observed on this diet undoubtedly were due entirely 
to the effects of p3n:idine, description will be limited to the results on 
this diet, except when otherwise specified, but it is applicable, for the 
most part, to the results on the other diets as well. 

Results 

The animals ate the pyridine-containing diet fairly well and con- 
tinued to grow, in many cases, at an almost normal rate. In some 
groups, from 50 to 100 per cent of the animals died in the first week, 
and in the majority of the groups, most of the animals died within 
2 or 3 weeks. Occasionally a considerable number survived for longer 
periods. Impending death could not always be predicted by the appear- 
ance of the animal, but a feeling of coldness as from “shock,” which 
perhaps was in part due to the loss of blood into extensive necrotic 
areas in the liver, signaled an early end. Survival of the early stages 
of p5n:idine treatment apparently resulted in the development of some 
degree of tolerance. 

The principal lesions were found in the livers and the kidneys, and 
it is presumed that death was due to disturbances of the functions of 
these organs. 

Urine. The urine of the animals frequently became highly colored 
and contained bile pigment, and sometimes appeared red. Albumin 
usually was present, sometimes in large amounts, at least during the 
periods of obvious illness. A few examinations for blood and for sugar 
were all negative. The urine output sometimes increased markedly in 
animals which became ill. Anuria, except shortly before death, was 
not observed. 

Blood. Hemoglobin determinations done after 2 weeks on the P3n:i- 
dine-containing diet showed little change from the control values. 
Characteristic absorption bands of methemoglobin were not noted 
spectroscopically. Blood chemical determinations revealed normal 
blood sugars and elevated urea levels. 

Serous Cavities. Collections of fluid in the serous cavities were fairly 
common. Small hemorrhages were noted occasionally beneath the 
serous membranes. Bile-staining of tissues was seen frequently. 

Lungs. An occasional animal exhibited atelectasis of one or more 
pulmonary lobes. Peribronchial inflammation was noted in some sec- 
tions. 

Lymph Nodes. Mesenteric and peribronchial l5nnph nodes some- 
times appeared enlarged, particularly in animals receiving prolonged 
treatment. 
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Spleen, The size of the spleen was quite variable, but in general it 
seemed to be enlarged in the acute stages of injury, and smaller than 
normal in the chronic stages. Little hemosiderin was present. 

Hepatic and Renal Lesions 

Early Hepatic Lesions. The livers of animals dying of acute injury 
after ingestion of pyridine-containing diets usually were enlarged and 
darker than is normal, due at least in part to an increased content of 
blood. 

Microscopic sections (Fig. i) revealed very extensive necrosis with 
partial dissolution of cells about the central veins and filling of the 
spaces by red blood cells, most of which seemed to be still within 
vascular channels. Frequently the only parenchymal cells to escape 
were those at the periphery of the lobules, particularly in the region 
of the portal triads, and these sometimes showed degenerative changes. 

Animals which survived the initial stage of necrosis usually showed 
evidence of extensive regenerative activity along with continued injury. 
Some of the liver cells at the edges of the necrotic areas contained small 
particles in the cytoplasm wliich stained dark brown with hematoxylin 
(Fig. 2). These collections of cytoplasmic bodies were more prominent 
in the later lesions and will be described in connection with them. 
Phagocytic cells, particularly in and about the old necrotic areas, con- 
tained large amounts of yellow pigment, most of which did not give 
the Prussian-blue reaction and became green on treatment with acid. 
Some of the large phagocytes along the central portions of the fibrous 
trabeculae also contained hemosiderin. 

Early Renal Lesions, The kidneys usually appeared swollen, grossly. 
Sections showed degenerative changes in the epithelial cells, most 
extensive in the proximal convoluted tubules, but also involving the 
other segments of the tubules. The cells exhibited granular swelling, 
hydropic degeneration, some vacuolization, pyknosis of nuclei, and 
sometimes obvious necrosis. Many pink-staining casts were encoun- 
tered in the tubules (Fig. 3) and the same material sometimes was 
present in the glomerular capsules. 

Later Hepatic Lesions. More chronic lesions were observed in the 
animals which survived for longer periods. On gross examination, the 
livers exhibited a fine nodularity and the cut surfaces showed a dis- 
tinctly mottled appearance. Greater irregularities of the surfaces, with 
shrunken and raised areas, sometimes appeared, and in the final periods 
of study livers were seen with nodules which were considerably larger 
and lighter in color than those usually seen in cirrhotic livers. The 
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cut surfaces of these nodules appeared compact, homogeneous, some- 
what translucent, and distinctly different from the remaining liver 
tissue. 

Microscopic sections showed that the numerous small, regular nod- 
ules which were observed grossly were composed of groups of large, 
hyperchromatic liver cells derived by regeneration from cells about 
the portal triads which had escaped destruction during the acute stages 
of injury. The portal triads, instead of the central veins, now occupied 
the centers of most of the new pseudo-lobules (Figs. 2, 7, and 12); 
and the central veins with collapsed stroma and necrotic debris from 
the central portions of the original lobules, and the newly formed 
fibrous tissue were now compressed between the peripheral margins 
of the newly formed nodules of liver cells. This series of events was 
repeated in whole or in part, although massive necrosis of cells usually 
occurred only at the beginning of pyridine treatment. Finally it be- 
came difficult to relate the architectural pattern to that originally pres- 
ent. In addition to the increase in fibrous tissue, infiltration by lympho- 
cytes and polymorphonuclear leukocytes was observed in some areas. 

Some animals on diet i containing pyridine developed well advanced 
cirrhosis in 1 month, and the liver cells of these animals showed 
extensive fatty changes (Fig. 4). Most of the animals that received 
diet 3 with pyridine for 2 months or more exhibited unquestionable 
cirrhotic changes, with disorganization of the normal lobular architec- 
ture, not accompanied by much fat (Fig. 7). In most of the latter 
animals, the fibrosis, while generalized, was not very abundant. 

Calcium-Containing Bodies in Necrotic Liver Cells. In the chroni- 
cally injured livers, collections of hepatic cells containing closely 
packed granules or globules in the cjdioplasm, staining dark brown 
with alum hematoxylin, were much more striking than in the earlier 
stages of injury, although they were not observed in every case. These 
cytoplasmic bodies were not highly refractile and not readily visible in 
unstained sections. They were smoothly oval, variable in size, and 
could be distinctly seen individually only with high magnification (Fig. 
15). Necrotic liver cells, often still in cords, frequently remained as 
somewhat hyaline, eosinophilic masses without nuclei or with only 
nuclear fragments (Figs, ii and 12), and the cells containing the dark 
particulate bodies were confined for the most part to the peripheral 
• margins of these old necrotic areas (Figs. 12 to 15). They closely sur- 
rounded the nodules of viable hepatic cells, and, when examined under 
low magnification, appeared to form crescents or rings, about the nod- 
ules (Figs. 12 and 13). The cells containing the bodies stained very 
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prominently with silver (Fig. 13) when sections were placed in silver 
nitrate solution and exposed to ultraviolet light, according to von 
Kossa’s method for staining calcium deposits.* After treatment of the 
sections with hydrochloric acid, the bodies were no longer demonstra- 
ble. The bodies were not stained by nuclear stains of the methylene 
blue type. Neither tlie bodies nor other substances in the sections were 
acid-fast, or stained by fat stains after use of fat solvents, or fluores- 
cent with ultraviolet light. The individual globular bodies often ap- 
peared darker at the periphery than at the centers. 

Large Regenerative Nodules. Examination of the sections of the 
tumor-like nodules which developed in the later periods of the study 
revealed masses of large, compact, deeply staining cells with large, 
hyperchromatic nuclei (Fig. 16). The nodules were sharply circum- 
scribed and no evidence of invasion or metastasis has been noted in the 
animals thus far autopsied. The cells composing the nodules, while 
different in appearance from the remaining liver cells, were evidently 
derived from parenchymal cells. Slight bile duct hyperplasia was noted 
occasionally, but nothing resembling a malignant neoplasm of this 
origin was seen. 

Later Renal Lesions. Grossly, the kidneys from animals receiving 
prolonged treatment exhibited irregular surfaces, with shallow depres- 
sions and raised areas. Sections showed that the degenerative lesions 
were usually less marked than in the early stages, but there were addi- 
tional changes of a more chronic nature. Destruction of parenchymal 
cells followed by regeneration occurred, often with some distor- 
tion and disruption of normal architecture, and a moderate number 
of calcified tubules were seen. Frequently the original epithelial, lining 
of the tubules appeared to have sloughed into the lumina and to have 
been replaced by new epithelium. The tubules showed much more than 
normal variation in size, and many exhibited closely placed, hyper- 
chromatic nuclei, with considerable variation in size, shape, and rela- 
tive position in the cells (Figs. 8 and 9). Mitotic figures were noted 
frequently (Fig. 10). 

Along with this destruction and regeneration of tubular cells, there 
appeared many dilated tubules with flat, atrophic-appearing epithelium 
(Fig. 8), which in extreme cases had the appearance of endothelium. 
The dilatation perhaps occurred earliest in the distal segments of the 
nephrons and in the collecting tubules but also involved the proximal 

* It should be recorded that many of the specimens were fed in 
had been neutralized by calcium carbonate. However, livers fixed in re s 
also showed the calcium bodies. 
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convoluted tubules and loops of Henle. The relationship of this process 
to the other changes in the kidney was not entirely clear. 

Proliferation of connective tissue in limited areas was sometimes 
seen, but a generalized increase in fibrous tissue of a significant degree, 
such as occurred in the livers, was not observed. Occasional areas of 
granulomatous interstitial inflammation, some containing many eosino- 
phils, were noted. In the regions of some of the angular calcium 
plaques of the type frequently seen in areas of old renal necrosis, there 
were necrotic cells containing brown-staining globular bodies similar 
to those seen in the livers. 

hijluence of Mode oj Administration on the Effects of Pyridine 

Because of the observation that some animals survived amounts of 
pyridine in single injections greater than the total amounts ingested 
by others which died after several days on the pyridine-containing 
diets, pyridine was administered by injection to a limited number of 
animals. The majority of a group of rats survived throughout the 
experimental period of 3 weeks when given twice daily, in subcutaneous 
injections, more pyridine than was usually consumed in the same 
periods by animals receiving pyridine in the diet. 

The effects of pjnridine given in equal amounts during each 24-hour 
period, by feeding in the diet, by daily subcutaneous injection, and by 
daily injection by stomach tube during a fasting period were then 
compared in three groups of rats using the paired-feeding technic, and 
the rats receiving the pyridine-containing diets died before the corre- 
sponding animals of the other groups in almost every case, and showed 
more extensive hepatic and renal injury. 

Discussion 

Damage produced by the diets containing pyridine was apparently 
limited, for the greater part, to the liver and kidney, with injury of 
lesser degree to the spleen and perhaps to the lung and certain other 
organs. Except for narcosis with large doses, the effects upon the 
nervous system, which have been described for other species, were 
not observed. 

The extent of the acute hepatic necrosis, even in many animals 
which survived, was remarkable. Whether this necrosis was produced 
by a direct action of the toxic agent on the cells, or was secondary 
to interference with the blood supply to large portions of the central 
parts of the lobules caused perhaps by cellular swelling, such as has 
been described by others under different circumstances,^^ was not 
determined. The survival of the cells about the portal triads with 
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regeneration from tliese areas, together with the observations tliat in 
most cases the necrosis was either extensive or practically absent, and 
that animals which survived extensive necrosis often seemed to be 
resistant, at least for a time, to the further development of necrosis, 
suggested the latter possibility. 

Rather marked reduction in fatty changes and fibrosis, with no sig-" 
nificant reduction in necrosis, caused by increasing the choline and 
casein content of the diet at the same time that the pyridine level was 
being increased, suggested, perhaps, that the necrosis and the fatty 
changes and fibrosis were not results of the same single disturbance. 
The experiments did not distinguish clearly between the effects of 
choline and casein, but it seemed likely that the increase in the choline 
level was principally responsible for the decrease in fat and fibrous 
tissue, while the increase in the resistance to necrosis probably was 
due to the change in casein content. It is possible that dietary inade- 
quacies of these substances were contributor}’- causes of the lesions 
observed with pyridine on the first two diets, although no extensive 
pathologic changes occurred in the control animals on these diets. 

The reversal of the normal relationship between the lobules of liver 
cells and the blood vessels and bile ducts, with fibrosis across the 
central portions of the original lobules, which occurred following the 
acute stages of injury, was striking. It recently has been shown by 
injections of India ink into the portal and hepatic veins that the fibrous 
trabeculae in dietary and carbon tetrachloride cirrhosis in the rat are 
around hepatic veins rather than periportal.^” The question arises 
whether the lesions observed in the present study should not be con- 
sidered examples of post-necrotic scarring rather than diffuse hepatic 
fibrosis or cirrhosis. The difference in the development and signifi- 
cance of these lesions has recently been discussed by Himsworth and 
Glynn. Scarring in old areas of necrosis was quite prominent, particu- 
larly, in the animals on diet 3, but whether all of the fibrosis occurred 
as a result, of necrosis was not determined. The livers in the late 
stages of injury presented, in addition to some areas of obvious post- 
necrotic scarring, finely granular surfaces (Fig. 6) and fairly uniform 
involvement of all lobules by the fibrotic process. Whatever was the 
mechanism of the fibrosis, the lesions had all of the features which are 
usually considered characteristic of cirrhosis. Observations on the 
pyridine-treated animals wiU be continued to determine to what extent 
the lesions are repaired, and to see if the large hepatic nodules progress 
to malignant tumors. 

The sequence of pathologic events observed in the kidneys of the 
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animals receiving pyridine was similar in many respects to that in the 
livers, in so far as the epithelial cells were concerned. The responses 
of the mesenchymal elements differed, however, in that there was no 
significant generalized increase in fibrous tissue. 

The causes of the dilated tubules in the chronically injured kidneys 
were not wholly apparent. Some tubules probably were obstructed by 
fibrosis or calcification resulting from injury, and it is possible that 
others were obstructed by albuminous material and cellular debris. 
Localized and generalized cellular swelling, resulting in encroachment 
on the lumina of blood vessels and tubules, might conceivably have 
contributed to the production of both necrosis and obstruction. 

The renal lesions were somewhat similar to, but much greater in 
degree, than those observed by Baxter and Ashworth in human cir- 
rhosis. It was not determined with certainty whether the renal injury 
was produced independently or occurred as a result of the hepatic 
injury. 'As in the case of the human lesions referred to above, it is 
possible that shock and vasoconstrictive renal ischemia played a part 
in the production of renal damage. 

Apparently there have been no descriptions of calcification of the 
type observed in the present investigation, in reports of- somewhat 
similar hepatic injury produced by other means. Deposition of calcium 
in the liver, except in certain cysts, abscesses and tumors, is rare. Even 
in generalized calcinosis, the liver is infrequently involved. Whether 
there was something specific about the p3aridine injury that was re- 
sponsible for the calcium deposition is not known. Since the animals 
also had extensive renal injury with nitrogen retention, calcification 
may have been favored by high levels of blood phosphate. Generous 
amounts of vitamin D were used in the diet, but not enough to pro- 
duce calcification in normal animals. Determinations of blood calcium 
and phosphorus, and of the phosphatase content of the injured cells 
might have shed light on the mechanisms of the calcification. The 
calcium deposition differed from that usually seen in necrotic tissue 
in that it was confined to individual cells, and the calcium was de- 
posited in the form of globules, or, perhaps, about the surfaces of 
preformed cytoplasmic bodies. The bodies resembled in size and shape 
those described by Opie in livers injured by butter yellow, formed 
by the deposition of ribonucleic acid about the cytochondria. 

The principle involved in the greater toxicity of p5n:idine when con- 
tinuously present in the diet than when given in infrequent injections 
may be of wider and possible practical significance in the causation 
of hepatic injury other than that produced by pyri Hin p, It seems pos- 
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sible that the difference in effects observed with the different methods 
of administration was due to tlie more continuous presence of pyridine 
in the tissues, when ingested at frequent intervals in the food, or, less 
likely, to the formation by intestinal bacteria of a substance more 
toxic than pyridine itself. Other substances of low toxicity, which do 
not produce hepatic injury by the usual methods of administration, 
might conceivably behave in a manner similar to pyridine if taken in 
the diet or if continuously formed in the body or in the intestinal tract, 
and result in hepatic or renal damage even when present in low con- 
centrations. 

Summary 

Pyridine or pyridine citrate, when incorporated in diets which did 
not themselves produce pathologic changes during the experimental 
period, caused acute hepatic and renal injury, followed by regenerative 
changes, cirrhosis, and chronic renal injury. 

Increasing the choline (and casein) content of the diet at the same 
time that the p5nridine level was also being increased, caused a marked 
reduction in fatty changes and fibrosis without any significant reduc- 
tion in the severity and extent of the acute necrosis. 

Large tumor-like nodules were observed in some of the livers, but 
no evidence of invasion or metastases was seen. 

In parenchymal cells at the edges of old necrotic areas in the livers, 
there were accumulations of oval cytoplasmic bodies which stained 
dark brown with hematoxylin and gave the histochemical reactions of 
calcium. 

Amounts of pyridine which produced death due to hepatic and renal 
injury when fed in the diet apparently were much less toxic when ad- 
ministered by infrequent subcutaneous injection or by stomach-tube. 
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DESCRIPTION OF PLATES 


Plate go 

Fig. I. Necrosis of cells about the central vein in the liver from a rat which died 
after i6 days on diet x plus 0.2 per cent pyridine. Dissolution of cells with 
nuclear fragmentation may be noted. Many necrotic cells remain as shells, 
some of which arc full of red blood cells. Surviving cells in the peripheral 
portions of the lobule contained fat globules. Hematoxyh'n and eosin stain. 
X 580. 

Fig. 2. Regeneration of a liver nodule from the cells about a portal triad, in an 
animal sacrificed after 35 days on diet 2 plus 0.2 per cent pyridine. The portal 
triad is at the center of the new pseudo-lobule, with the necrotic area at the 
periphery. Dark-staining cells are seen at the edge of the necrotic zone. This 
animal almost died in the early stages of the experiment, but after the initial 
illness was able to continue on the same diet without serious results. Hema- 
toxylin and eosin stain. X no. 

Fig. 3. Degenerative changes in the epithelium and tubular casts in the kidney 
from a rat dying after 3 days on diet i plus o.i per cent pyridine. Hema- 
toxylin and eosin stain. X no. 

Fig. 4. Cirrhosis of the liver with extensive fatty infiltration. The rat was sacri- 
ficed after 35 days on diet i with o.i per cent pyridine. For comparison with 
Figure 7. A photograph of the liver from wWch this section was taken is 
shown in Figure 5. Hematoxylin and eosin stain. X no. 
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Hepatic and Renal Lesions Following Pyridine 


Plate 91 

Fig. 5. The organs on the left side of the photograph are from the same rat as 
the section shown in Figure 4. The kidneys are comparatively large. This 
animal, like most of those on diet i plus pyridine, grew poorly, and the small 
size of the testes and heart was probably not a specific eiTect of the pyridine. 
On the right are shown the organs of a litter mate which received the same 
diet, plus 0.5 per cent of added methionine, for the same length of time. 
X 1. 

Fig. 6. Photograph of liver, kidneys, and spleen of a rat which died after 100 days 
on diet 3 plus 0.7 per cent pyridine citrate. The surfaces of the liver are 
finely granular. A section of this liver is shown in Figure 7. X 7/10. 
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Plate 92 

Fig. 7. Section from the liver seen in Figure 6, showing cirrhosis with little fat. 
Extensive necrosis and regeneration have occurred, and again the characteris- 
tic structures of the portal triad were seen at the centers of many of the 
pseudo-lobules. Although the fibrous tissue was not abundant in most arenas, 
it involved all of the lobules fairly uniformly. Hcmato.xylin and cosin stain. 
X 150 - 

Fig. 8. Kidney from the same animal as Figure 7, showing chronic changes char- 
acterized by regeneration of epithelium and tubular dilatation. Hemato.xylin 
and eosin stain. X 150. 

Fig. 9. Another area of the kidney shown in Figure 8. The original epithelial 
lining of the tubule apparently has been sloughed into the lumen, and the 
tubule is now lined by newly regenerated cells. The nuclei arc closely placed, 
and varj' in size, shape, and relative position in the cells. Hematoxylin and 
eosin stain. X 300. 

Fig. 10. One of the fairly numerous mitotic figures noted in the kidney from a 
rat on diet 3, with 0.34 per cent pyridine citrate for 2 months and 0.7 per 
cent pyridine citrate for an additional 2 months. Animal was found in shock 
and was autopsied. Hematoxylin and eosin stain. X 1000. 

Fig. II. Nodule of liver cells from a rat which died after receiving diet 3 irith 0.7 
per cent pyridine citrate and choline ad Ubituni- for 60 days. Most of the cells 
in this nodule were necrotic, without stainable nucleus or with only nuclear 
fragments. Various stages of calcification of the necrotic cells are evident. 
Hematoxylin and eosin stain. X 300. 
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Fig. 12. Liver from the same animal as Figure 10, showing the characteristic loca- 
tion and distribution of the calcified cells. They occurred chiefly at the edges 
of the old necrotic areas and closely surrounded the nodules of viable cells. 
Here again a bile duct and other structures of a portal triad are seen at the 
center of a nodule of liver cells. Hemato.vylin and eosin stain, X 150. 

Fig. 13. A section of the same liver as in Figure 12, showing the calcium deposits 
stained black with silver. The preparation was made by placing the section 
in a solution of silver nitrate and e.vposing it to ultraviolet light, according to 
the method of von Kossa. X 150. 
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Fig. 14. A section of the same liver as used for Figures la and 13, showing tlie 
transition, at the edge of an old area of necrosis, from the normal liver cells 
at the top of the section to the eosinophilic remains of cells at the bottom. 
The cells in the intermediate zone arc calcified. Hematox>’lin and eosin stain. 
X 700. 

Fig. 15. Another area of the same section as for Figure 14, showing the various 
forms of cellular degeneration obsen’cd in passing from the fairly norma! 
cells of a hepatic lobule at the upper left to the hyalinized remains at the 
lower right. The early stages of calcium deposition are well shown. Some of 
the calcium bodies were in focus and are seen as smoothly oval globules of 
varying sizes. The bodies seemed to be darker at the periphery than at the 
centers in many cases. Hemato.xylin and eosin stain. X 1000. 

Fig. 16. Section shmving the edge of a large tumor-like nodule of regenerative 
hepatic cells from the same liver as Figure 11. The cells are of large size. 
The dark-staining liver cells embedded in the fibrous ti.'suc arc calcified. 
Hematoxylin and eosin slain. X 100. 
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BILIARY XANTHOMATOSIS 
(Xanthomatous Biliary Cirrhosis)* 

.H. Edward MacMahon, M.D. 

{From the Department of Pathology and Bacteriology, Tujts College Medical School, 

Boston IS, Mass.) 

Ten years ago Thannhauser and Magendantz ^ referred to a peculiar 
histologic change in the liver which they called “xanthomatous biliary 
cirrhosis.” They distinguished this entity clinically and anatomically 
from other types of biliary cirrhosis associated with simple obstruction 
of the common bile duct. The specific histologic lesion, and the one 
on which the term was based, consisted of xanthoma cells and increased 
fibrous tissue in the walls of the intrahepatic system of bile ducts. This 
xanthomatous deposition in the liver, like xanthomata in other parts of 
the body, was considered to be a local manifestation of a hereditary 
and systemic disorder which they called essential hypercholesteremic 
xanthomatosis. The term “xanthomatous biliary cirrhosis” was used 
at the same time to designate a clinical syndrome in which xanthoma- 
tous change in the liver was but one of its most conspicuous features. 
This syndrome was characterized by chronic jaundice, an enlarged 
liver, hypercholesteremia, and, above all, xanthomatosis. It is impor- 
tant at this point to emphasize the double meaning that was assigned 
to “xanthomatous biliary cirrhosis,” and it must be clearly understood 
that the changes throughout the liver were considered to be but one 
component of a systemic disease and not the cause of the syndrome. 
This has been confusing for it is always ambiguous to use the same 
term to denote a specific anatomic lesion, and to designate a clinical 
syndrome when that particular anatomic lesion is not regarded as the 
cause, but merely an integral part of the syndrome. 

Material for Study 

Through the interest and cooperation of Dr. Thannhauser, it has 
been my privilege to study adequate biopsy sections from the livers of 
4 patients whom he selected as showing the signs and symptoms of the 
S3Tidrome “xanthomatous biliary cirrhosis.” Each of the 4 patients 
had been jaundiced for months and each had an enlarged and palpable 
liver. The cholesterol levels of the blood were above normal and each 

♦Presented at the Forty-Fourth Annual Meeting of The American Association of 
Pathologists and Bacteriologists, Chicago, May i6, 1947. 

Received for publication, June 9, 1947. 
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patient manifested the peculiar xanthomatous changes on tlie hands 
and body which are so characteristic of this disorder. At the time of 
biopsy, tihe extrahepatic biliary tract was normal. Two of these patients 
subsequently died at intervals of about i and 2 years after Uie original 
specimens were obtained. This enabled a follow-up study to be made 
and afforded the opportunity to compare early and late lesions. 

Biopsy Findings 

It was naturally anticipated that collections of xanthoma cells would 
be found in the walls of the bile ducts since this had been described 
as the specific histologic lesion peculiar to this clinical disorder. The 
findings in all four specimens were similar, but they were very disap- 
pointing, for in not one of the sections were xantlioma cells found in 
the walls of the bile ducts. In other words, there was no evidence in 
any of the biopsies of a lesion that one could call “xanthomatous biliary 
cirrhosis.” Instead, there was a chronic proliferative and exudative 
inflammatory reaction in the portal areas which was most concentrated 
about the junctional ducts (canals of Bering) and terminal bile ducts 
(interlobular bile ducts or cholangioles) at the periphery of the lobules 
(Fig. i). The portal areas were larger, broader, and longer than usual 
and often fused with one another to form rings of perilobular fibrosis 
(Fig. 2). Inflammatory granulation tissue extended into the periphery 
of the lobules. It blocked canaliculi, destroyed liver cells, and col- 
lapsed many sinuses (Figs. 3 and 4). 

The larger bile ducts were patent and empty. The small interlobular 
bile ducts were very difficult to find and in many of the portal areas 
there were none. The junctional ducts, which in a normal liver are 
inconspicuous, were numerous, elongated, branching, and tortuous. 
Some were dilated and filled with bile, others were collapsed and empty. 
None of the ducts contained leukoc5d;es, although several types of 
inflammatory cells, including lymphocytes, plasma cells, histiocytes, 
neutrophils, and occasionally eosinophils, richly infiltrated the sur- 
rounding granulation tissue. 

The lobular pattern of the liver was well preserved and most central 
veins bore a normal relationship to the surrounding liver parenchyma. 
Large and sometimes lamellated bile casts were fairly numerous within 
the lobules (Fig. 5). These distended the canaliculi and often dam- 
aged the bordering liver cells. For the most part the liver cells were 
healthy; a few contained fat droplets; and some lying in the field of 
inflammatory reaction about the portal areas showed degeneration and 
necrosis. There were few mitotic figures and the presence of closely 
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packed clusters of small cells near the periphery of the lobules sug- 
gested a moderate degree of liver cell regeneration (Fig. 6). 

In one of the four specimens the damage to the parench5mia was 
greater than in the others. In this there were fields in which the inflam- 
matory reaction had cut deeply into the centers of the lobules (Fig. 7). 
In this way central veins became linked with portal areas and large 
and small islands of liver cells became isolated from the body of the 
parent lobules. These islands, in turn, seemed to melt away to become 
replaced by inflammatory granulation tissue (Fig. 8). In one area, an 
entire lobule had been destroyed and was now substituted by fibrous 
tissue. 

The one fundamental histologic finding common to all four speci- 
mens was a chronic inflammatory reaction in the interstitial portal 
areas. It began as a chronic pericholangiolitis and spread into the 
peripheral zones of the adjacent lobules. 

Autopsy Findings 

To understand cirrhosis it is necessary to know it in all its stages, 
and the opportunity to compare sections from the livers of patients 
during life with sections obtained months and years later in the course 
of autopsies carries with it a definite responsibility, particularly when 
the liver is the seat of a little understood and very debatable disease 
process. 

Grossly, the livers of the 2 patients who were autopsied were large, 
firm, and cobbled. They weighed 2600 and 2800 gm., respectively. On 
section the texture was coarse and the parenchyma bile-stained. There 
were no depositions of cholesterol in the mucosa of the gallbladder or 
in any of the bile ducts. There were no concretions and, finally, there 
was no suggestion of any type of extrahepatic biliary obstruction. 

The histologic features were much more complex and confusing than 
in the earlier material. In a few areas the central veins, central zones, 
and mid-zones were still recognizable, but for the most part the normal 
lobular pattern was now severely distorted. Bands of fibrous tissue 
divided the parenchyma into irregular and uneven nodules. The portal 
areas were composed of wide and communicating bands of connective 
tissue that extended deeply into the parenchyma and occasionally re- 
placed whole lobules (Fig. 9) . The parench3mia was composed of irregu- 
lar cords of liver cells separated by edema fluid, dilated sinuses, and 
fibrous tissue. Here and there, the Kupffer cells were large, swollen, 
and fiUed with lipids, and nests of these cells occasionally distended the 
sinuses and compressed the adjacent trabeculae (Fig. 10). There was 
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much bile stasis, with bile in the canaliculi, liver cells, and sinuses. The 
larger bile ducts were collapsed and empty. The terminal ducts were 
inconspicuous and embedded in fibrous tissue. In none of the ducts 
was there either an inflammatory exudate or any evidence of xantho- 
matosis. 

The large size of the liver, the extensive fibrosis, the fragmentation 
of some lobules and the total loss of others, the nodules of regenerated 
liver tissue, the compression and interruption of liver cords by fibrous 
tissue, the bile stasis, the intralobular lipid deposition, and, finally, the 
presence of a still active chronic inflammatory reaction in portions of 
the interstitial tissue all combined at this late stage to form a very 
confusing histologic picture. If such a damaged liver were to be seen 
for the first time, without a previous biopsy, its pathogenesis would 
be difficult to unravel and its classification would be uncertain. 

Comment 

Because the etiology of this disease of the liver is still unsettled, 
the descriptive term “pericholangiolitic biliary cirrhosis” is suggested. 
This emphasizes the inflammatory nature of the process and at the 
same time clearly denotes the exact site of the earliest lesion. It resem- 
bles other types of biliary cirrhosis such as the obstructive and the 
cholangiolitic, but from each of these it may, particularly in the early 
stages, be readily distinguished. There now seems to be little justifica- 
tion for referring to this change in the liver as xanthomatous biliary 
cirrhosis because this type of cirrhosis may exist in the absence of 
xanthomatosis. ..‘I 

“Pericholangiolitic biliary cirrhosis” with its destruction of terminal 
bile ducts and liver cells, and its proliferation of granulation tissue and 
subsequent fibrosis explains the retention and regurgitation of bile and 
the appearance clinically of jaundice. It will also account for the 
enlargement of the liver. Could it alone be responsible for the great 
increase of cholesterol and for the appearance of xanthomatosis? This 
is a debatable question. It must be admitted that bile stasis alone is 
rarely the cause of xanthomatosis. Yet, in this small collection of 4 
patients and in all other cEises that have been reported (Table I), 
long-standing jaundice consistently has been the earliest symptom. 
This implies that an interference in the normal secretion and elimina- 
tion of bile, although perhaps not the only factor, is at least essential. 
In this respect, it is of interest to note that the syndrome is found almost 
exclusively in females of about 40 years of age. This suggests that 
constitutional factors, particularly those associated with age and sex, 
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Cases That Have Shown the Clinical Syndrome of “Xanthomatous Biliary Cirrhosis’ in which the Liver Was Examined 
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♦Cases showing extrahepatic biliary obstruction (lo of 24). 
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may be important. It would appear that once this type of biliary cir- 
rhosis has become established, it could lead, under certain conditions, 
to tlie complete clinical syndrome. 

Another question that may be asked is this: Is “pericholangiolitic 
biliary cirrhosis” the only t3q}e of liver disease that may lead to, or be 
associated with, this clinical syndrome? If one includes all degrees of 
this clinical disorder the answer is no, since almost half of the cases 
reported in the literature have been secondary to some form of extra- 
hepatic biliary obstruction, and at least two tj^Des of biliary cirrhosis, 
namely, the obstructive and tlie cholangiolitic, may be associated with 
obstruction. It is obvious, then, that there is no basis for considering 
this syndrome as the manifestation of a single and specific disease of 
the liver, and, as a corollary, it becomes clear that there is no longer 
any justification for including this syndrome in the family of “heredi- 
tary essential hypercholesteremic xanthomatoses.” 

It will be misleading to continue to refer to the changes in the liver 
in this syndrome as xanthomatous biliary cirrhosis, and it may be 
equally confusing to retain this same name in referring to this peculiar 
clinical disorder. Therefore, it is suggested that this term be discon- 
tinued and that a new term for the syndrome should be selected. Be- 
cause jaundice has been the earliest clinical symptom, and because 
xanthomatosis is the most striking feature of the syndrome, the name 
“biliary xanthomatosis” is suggested. It has been pointed out that the 
findings in the liver in this disorder may vary. If one could be certain 
in a particular case that the underlying lesion in the liver was “pericho- 
langiolitic biliary cirrhosis,” then the more specific name for the clin- 
ical picture could be “pericholangiolitic xanthomatosis.” If, on the 
other hand, some form of extrahepatic biliary obstruction was found 
to be the primary lesion, the term “obstructive xanthomatosis” would 
be in order. 

I wish to express my sincere appreciation to Dr. S. J. Thannhauser for his en- 
couragement and patience in the preparation of this paper and for the use of this 
clinical material for publication. 
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Plate 95 

Fig. I. Liver. The center of the field is occupied by a single lobule of liver tissue 
that is sharply demarcated by a band of inflammatory granulation tissue. The 
central vein lies at about the center of the lobule. The sinuses, moderately 
dilated, bear a normal relationship to the cords of liver cells. The portal con- 
nective tissue contains small arteries and collapsed bile ducts, but neither 
veins nor lymphatics are recognizable. There is no increase of reticulum 
•within the substance of the lobule. X 65. 

Fig. 2. Liver. A -wide and roughly T-shaped portal area bordered by the peripheral 
zones of three adjacent lobules occupies most of the field. The portal v’cin is 
collapsed, obliterated, and overgro'wn by inflammatory granulation tissue. 
There is a moderately rich infiltration "with lymphocytes, histiocytes, a few 
plasma cells, eosinophils, and polymorphonuclear leukocytes. At several points 
the inflammatory granulation tissue extends superficially into the adjoining 
lobules. There are no recognizable interlobular bUe ducts in the whole area. 
The dilated, but intact, central vein in one of the three lobules stands out in 
striking contrast to the changes in the portal areas and peripheral zones of the 
lobules. X 85. 
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Plate q6 

Fig. 3. Liver. This field was seleclcd to show a broad, tongue-like e.xjiansion of 
inflammatorj’ granulation tissue cutting into the outer portion of a lobule. 
Cords and nests of liver cells arc completely surrounded by this edematous 
cellular inflammaton,- tissue. Sinuses are collapsed or overgrown and in this 
area are no longer visible. X 170. 

Fig. 4. Liver, showing a small field just at the junction of portal connective tbssue 
and liver lobule. This area was selected to show the c.xtension of inflammatory- 
granulation tissue along a sinus into the periphery of a lobule. Parallel cords 
of liver cells are separated and compressed. The sinuses are obliterated in 
some areas and compressed in others. There are no interlobular bile ducts 
in this area. X 260. 
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Plate 07 

Fig. 5. Liver. This field was selected to include the outer margin of the peripheral 
zone of a lobule and the adjoining and verr’ much thickened portal connective 
tissue. A sharp line separates the two. The most significant finding is the 
bile stasis with large casts of inspissated bile distending bile canaliculi. The 
portal area is edematous and is composed of fibrous tissue containing few cords 
of liver cells. In this field there are no interlobular bile ducts. X 265. 

Fig. 6. Liver. This field was selected to show a liver cell in mitosis. The dividing 
nucleus lies in a compact nest of liver cells in the peripheral zone of the lobule. 
The involved cell is somewhat larger than the adjoining cells touching it and 
the chromatin of the dividing nucleus is about equally divided. One-half of 
the chromatin is suspended in a spindle which is clearly visible toward one end 
of the cell. X 350. 
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Plate qS 

Fig. 7. Liver. This field was selected to show encroachment on the lobule by 
inflammatory granulation tissue. The center of the field is occupied by a liest 
of compressed liver cells which is bordered on all sides e.\cept one by granula- 
tion tissue. One surface is bordered by a dilated central vein. Beginning in 
the portal area, the granulation tissue extends outward along the perisinusoidal 
spaces as far as the central vein. Many liver cells of the peripheral zone have 
disappeared. X 85. 

Fig. 8. Liver, showing a small compact nest of liver cells — all that remains of a 
lobule. It is completely surrounded by granulation tissue growing in from the 
surrounding portal areas. In the area of inflammation, all liver cells have 
disappeared. X 130. 
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Plate 99 

Fig. 9. Liver. The center of the field is occupied by a medium-sized portal area. 
The peripherj- is represented by portions of the adjacent lobules. The portal 
vein and its branches are dilated, as are the arteries. The medium-sized bile 
ducts are empty. There is a great increase in fibrous tissue e.xpanding the 
entire portal area. There are nests of lymphocytes and narrow and com- 
pressed cords of liver cells. A fairlv shani line of demarcation separates 
fibrous tissue from the parenchyma of the adjoining lobules. X 45- 

Fig. 10. Liver. This field was selected from the peripheral zone of a lobule to 
show collections of lipid-laden endothelial cells within the confines of the 
lobule. These cells lie in distended sinuses. The cords of liver cells are inter- 
rupted, compressed, and distorted. No bile ducts are visible in this area and 
no .xanthoma cells are visible in the adjacent portal connective tissue. X 260. 
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CYTOLOGIC STUDIES WITH THE PHASE MICROSCOPE 
I. The Formation of “Blisters” on Cells in Suspension (Poto- 
CYTOSis), WITH Observations on the Nature of the Cellular 

Membrane * 

Hans U. Zoiunger, M.D.t 

{From the Department of Pathology of Cornell University Medical College, and the 
New York Hospital, New York si, N.Y.) 

In a study of various tissue cells by means of the phase microscope 
(PM), a curious formation of “blisters” has been observed on several 
types of cells in suspension. The circumstances under which this phe- 
nomenon has been observed will be given in the present paper, along 
with certain implications which the findings may have in relation to 
the nature of the membranes surrounding cells. 

The Phase Microscope 

The PM equipment, first described by Zernike,^ makes use of the following 
principle: If two lightbeams A and B (Text-Fig. i) of the same wave length (A) 
pass through two very thin glass plates, Ga and Gb, of the same thickness and 
refractive index, their original wave length becomes shorter because the refractive 
index of glass is higher than that of air. If the two beams enter the glass plates 
in the same phase of oscillation; they will leave it, and re-enter the air, still in 
parallel oscillations (Aj and Bi). A third glass plate (Gc) of the same thickness, 
but darker and, therefore, absorbing a considerable amount of light, changes the 
amplitude c of a third lightbeam C into Ci, whereas the amplitudes of A and B 
win not be changed theoretically by the plates Ga and Gb, because these plates 
absorb no light. The effect of lightbeam Ai on the eye is the same as that of 
Bi, while lightbeam Ci appears less bright. A fourth beam D, going through a 
slightly thicker glass plate (Gd) will leave it in another phase of oscillation than 
the lightbeams Aj, B^, and Cj as seen in level X; there is a so-called “phase- 
difference” (PD) present. The same thing happens if light passes through small 
particles, which have a different index of refraction or a different thickness than 
the surrounding medium, as for instance in the case of mitochondria in protoplasm. 

Unfortunately, the eye cannot recognize phase-differences in the ordinary micro- 
scope, but only differences in wave length (colors) and in intensity. The PM 
converts phase-differences into differences in amplitude by means of a “phase 
plate”; thus, it enables the human eye to perceive phase-differences as black and 
white contrasts. (For the theoretic explanation of the effect of the “phase plate” 
see Zernike,^ Ganz,^ and Bennett, Jupnik, Osterberg, and Richards.®) Therefore, 
the image can be observed with the PM without staining. 

In practice, a number of intracellular constituents that are invisible 
or indistinct when studied by ordinary, darkfield, or ultraviolet micro- 
scopy have become readily visible in detail when examined with the 

* Received for publication, August 15, 1947. 
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PM. To provide a comparative illustration of the results obtained with 
an ordinary and a phase microscope, photographs were made of the 
cells of an adenocarcinoma of the stomach as viewed in various prep- 
arations with the two kinds of optical systems (Figs, i to 4). Further- 
more, by means of the PM the investigator can follow consecutive 
intracellular changes for hours and even days in tissue cultures and 
thus obtain, so to speak, a “longitudinal section” through the whole 



Text-Figure i. Schematic drawing illustrating the effect of different glass plates on 
light beams which are in the same phase of oscillation. Ga and Gb are made of colorlea 
glass of the same thickness as Gc (dark glass). Gd is made of colorless glass, but it is 
slightly thicker than the other three plates. This difference in thickness causes a phase- 
difference (PD) of the beam D. 

course of a process, whereas the microscopic section shows but a 
“transverse section” through the process at the moment when the cell 
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was killed by fixation. On the other hand, the microscopist should be 
mindful of the fact that effective phase microscopy depends upon small 
differences in refraction or thickness between objects. Finally, the 
fact deserves emphasis that the resolving power of the PM theoreti- 
cally cannot be higher than that of an ordinary microscope; neverthe-- 
less, it is possible to see elements with the PM which are invisible, owing 
to shrinkage caused by fixation and dehydration, in stained prepara- 
tions examined with the ordinary microscope. 

Methods 

The observations were made with a Zeiss instrument consisting of a 
centerable condenser with a ring-shaped diaphragm for each objective. 
The three objectives contained the phase plates. The photographs 
were taken with a 35 mm. “Alpa-Reflex” camera on Kodak Panatomic 
X film. As the cells floated freely in fluid, there was always a certain 
movement under the coverslip; hence photographs were rather difficult 
to take. Another difiBculty was caused by the fact that the cells are 
three-dimensional. Thus, a certain level of a cell, actually in focus, 
may still appear indistinct because of the interference caused by ele- 
ments in other levels. ^ 

Suspensions of normal cells of various t3T)es (kidney, liver, adrenal, 
stomach, and small intestine) procured from various animals (frog, 
rabbit, and mouse) were made by teasing, or washing, or scraping nor- 
mal organs immediately after the animal was killed. Kidney cells of 
the frog proved especially suited to study with the PM, because they 
are not easily influenced by temperature, and they seem to survive the 
death of the animal for long periods (W. Lewis and McCoy^). In 
order to obtain suspensions of living tumor cells (Gardner’s lympho- 
sarcoma, C3H sarcoma, and granulosa cell tumors of mice, V2 and 
Brown-Pearce carcinomas of rabbits), pieces of the neoplastic tissues 
were removed with aseptic precautions immediately after the animal 
was killed, thoroughly freed from as much of the adjacent normal tis- 
sue as possible, dissected in small pieces, and passed through a 40 mesh 
Monel-metal sieve. 

Physiologic saline (0.9 per cent) and buffered Ringer’s solution con- 
taining 150 mg. per cent of glucose (BGR) were used as suspension 
media. Liver cells of the frog required 0.5 per cent of NaCl (Anitsch- 
kow ®), whereas a concentration of 1.25 per cent of NaCl is considered 
by von Mollendorff ® to be physiologic for kidney cells. In order to 
watch the effects of various chemical agents, the cells were observed 
while the original suspension medium was replaced in the following 
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way: A drop of tlie chemical solution to be tested was placed on one 
edge of tlie coverslip and was drawn under the coverslip by means of 
filter paper placed at the opposite edge of the coverslip, which drew 
off the excess fluid. Of course, cells also were removed by this pro- 
cedure, but there still remained a considerable number of cells in the 
microscopic field adhering either to the coverslip or the slide. During 
this replacement the cells were constantly observed with the high- 
power oil-immersion objective; the addition of a small amount of 
neutral red to the test solution facilitates the determination of the 
exact moment when the chemical reaches the cells under observation. 

Each finding here reported has been confirmed by repeated observa- 
tions in which different t3T>es of cells were used. 

Observations 

Various distinctive constituents of living unstained cells can be 
identified readily by means of tlie PM (Figs. 5 and 7). In undamaged 
cells, there usually is seen a distinct single-contoured, thin, cellular 
membrane, no matter whether the cell is isolated (Figs. 5 and 7) or 
located in the center of a small piece of tissue (Fig. 6). By means of 
this purely optical method it is impossible to distinguish between the 
plasma membrane and the extraneous cellular membrane (Chambers ’^). 

The Formation of Blisters by Cells of Various Types in Suspensions 

Cells in suspensions very often exhibit large “blebs” or “blisters” 
on their edges (Fig. 8). This phenomenon occurs in almost every kind 
of cell after the elements have remained in BGR or in isotonic salt 
solutions of other types for several minutes. In very fresh suspensions 
of the various cells studied, no blisters could be observed. The only 
cells that did not form blisters in these experiments were squamous 
cells from the mouth and tongue of man and frog. In the Shope papil- 
loma only the basal cells showed blister formation. 

The first signs of blister formation appear as early as 3 or 4 minutes 
after the suspension is made: small “cavities” arise in the protoplasm. 
They are usually adjacent to the cellular membrane, and later, as 
they grow in size, the cellular membrane bulges out until a blister is 
formed (Figs. 9 and 10). Then, the blister enlarges chiefly in width, 
thus detaching the adjacent membrane (Figs, ii and 12), and finally 
the whole cytoplasm is surrounded by the contents of the blister, which 
separate the cytoplasm from the membrane (Fig. 13). Besides this 
type of blister formation, which may be called “diffuse,” there occurs 
a “local” type (Fig. 14). In this, the base of the blister extends for 
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only a limited distance around the cell, and, after a time, the blister 
becomes more rounded. Since these two types can be observed in the 
same suspension, it does not seem that there is a fundamental differ- 
ence between them. 

. The blister formation in clumps of cells and tissue pieces is usually 
restricted to the free edges (Fig. 15),- in the central region blisters 
have not been observed. In single cells the blister formation may begin 
on either side of the cell. Thus, there could never be observed a 
predilection for the inner face (apical pole) of single gland cells. 

Figure 16 shows a very distinct boundary line between blister con- 
tents and protoplasm (see also Figs, ii and 12). Occasionally, minute 
dark particles can be seen moving about in the blister contents. Their 
movement continues even if the blister wall is demolished; the suspen- 
sion medium as a rule contains a number of such freely floating par- 
ticles. Rarely, the blisters contain one or two round, brilliant, slowly 
moving granules of considerably larger size which show the same opti- 
cal structure and the same reactions to chemical agents as do the bril- 
liant granules in the protoplasm (see below). The blisters are filled 
with a homogenous material, which usually appears slightly darker in 
the PM than does the suspension medium (Figs, ii and 12), and is 
not stained by neutral red in a concentration of 1:10,000. 

A distinction can readily be made between blisters and vacuoles 
(Fig. 17). The latter are found in the protoplasm of “exhausted” 
cells, that is, cells which have been in the suspension medium for sev- 
eral hours, or have been heated (45° C. for 20 minutes). Vacuoles do 
not cause bulges in the cellular membrane, and are much brighter than 
the suspension fluid (Fig. 17). In ciliated epithelial cells, which con- 
tain vacuoles, the cilia never move and the nuclei soon disintegrate. 

Although two blisters often touch, they usually remain separated by 
their walls (Fig. 15). This is also true for blisters which are exposed 
to pressure from one side. Figure 18 shows a cell presenting two blis- 
ters which have been moved slightly out of their original position by a 
fast current in the suspension medium. If the current becomes still 
more vigorous, the blisters are detached suddenly, and float freely in 
the suspension fluid. Text-Figure 2 shows schematically the entire 
process of blister detachment. Just before detachment, the blister 
becomes drop-shaped and the stalk appears more and more elongated 
until finally it is torn off. As soon as the blister is detached, it becomes 
spherical (Text-Fig. 2 and Fig. 19) and behaves like a rubber ball, its 
surface being momentarily indented if it bounces against an obstacle 
or a cell in the moving medium, immediately afterwards becoming 
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spherical again. Strong pressure on the coverslip divides free blisters 
into multiple small blisters. In detached blisters the black particles en- 
large slowly, whereas the occasional brilliant granules do not change 
their size. 



Text-Figure 2. Schematic drawing demonstrating the formation and the detachment 
of a blister, (i) Blister formation starts in the form of a submembraneous round space 
in the protoplasm. (2) A big blister with two granules has developed. (3) A strong 
current of the suspension medium (arrows) stretches the blister which is now drop- 
shaped. (4) The blister is detached; no defect of the membrane is visible. (S) Formation 
of a new blister starts again. 


It is interesting to note that the cellular part of the blister stalk 
becomes flattened out immediately after the blister is detached, and a 
new blister is formed at the same place where the original one was 
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located (Fig. 20). Under these circumstances, neither the formation 
of a hole in the cellular membrane nor the outflow of the protoplasm 
has been observed. The site of the origin of the detached blister be- 
comes completely invisible. Occasionally, new blisters are formed in 
the base of an already existing blister. These newly formed daughter- 
blisters grow into the old blister (Fig. 21), and some of them even may 
develop in the waU of the mother-blister, especially under the influence 
of certain chemicals (see below). 

Experimental Alterations in the Process of Blister Formation 

In order to determine the influence of the suspension medium on 
blister formation, suspensions of Brown-Pearce and V2 carcinoma cells 
were studied in normal rabbit serum and rabbit plasma as well as in 
BGR and isotonic salt solution. The same was done with frog cells of 
various kinds in frog serum, and the artificial mediums mentioned 
above. Blisters developed in all of these tests, although somewhat 
faster in the cells suspended in physiologic saline solution than in those 
in serum and plasma. There was no other difference in the process of 
blister formation in the various suspensions. 

The cellular membrane disappears in cells suspended in o.i to 0.5 
M ammonia. If, at the commencement of the experiment, blisters are 
present (Fig. 22), they are filled up by the swollen protoplasm and 
the nucleus as soon as 0.05 M ammonia reaches the cells, but the mem- 
brane remains visible (Fig. 23). Later, new blister formation may 
start in such a cell. The cellular membrane is not dissolved by 0.05 M 
ammonia, but swells, and sometimes daughter-blisters are formed 
within the membrane itself (Fig. 24). The formation of blisters is 
relatively independent of the pH of the medium (pH 2.3 to lo.o), but 
in a medium of pH 10.2 and higher, the membrane disappears and 
the contents of the blister flow out. 

The cellular membrane very often becomes indistinctly outlined in 
dilute acetic acid, and the slightest pressure on the coverslip is sufficient 
to destroy the membrane. This change is irreversible. The ciliated 
epithelial cells show a particular form of reaction to acetic acid (Fig. 
25): the cilia, instead of being straight and parallel, become irregular 
in form and arrangement. The basal bodies appear very dark, and occa- 
sionally the entire row of the basal bodies is separated from the rest of 
the protoplasm b}’- a bright halo (Fig. 25). Therefore, the bases of the 
cilia behave like an independent section of the cellular membrane 
which does not shrink as much as does the rest of the membrane. 

The formation of new blisters and their further growth is greatly 
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accelerated by distilled water (Figs. 19, 26, and 27). At the same 
moment that the distilled water reaches the cells under the coverslip, 
the nucleus and, to a lesser degree, tlie protoplasm swell so much that 
the whole blister is filled up in a few seconds. An instant later, the 
formation of new blisters starts. The black granules in such blisters 
swell considerably, particularly in detached blisters (Figs. 19 and 26). 
By this method it is possible to produce blisters even in cells in mitosis 
(Fig. 28), although they rarely develop in such cells in physiologic 
saline solution or in BGR. 

Hypertonic salt solution, 0.9 per cent saline of pH 4.0, 70 and 95 
per cent alcohol, and acetone, cause a very rapid shrinkage of the 
blisters, which goes on until the blisters have disappeared and the 
blister wall lies close to the protoplasm. In the course of this shrink- 
age, the blister wall becomes slightly wrinkled. In hypertonic salt 
solution, new blisters appear several seconds later; they grow very 
rapidly for several seconds and are morphologically indistinguishable 
from blisters in fresh cells. In the other media mentioned above, no 
further blister formation occurs, and even the replacement of the chem- 
icals by phirsiologic saline solution does not produce a detachment of 
the cellular membrane. 

The temperature of the suspension does not play a role in the process 
of blister formation: the amount and the size of the blisters are the 
same whether suspensions of the same mammalian cells are kept in 
the ice box, or at 37° or 41° C. 

In cells which die spontaneously in the suspension, and in cells killed 
by heat or by chemicals, blister formation never occurs. Blisters, which 
are already present before the cells die, do not disappear, but they 
show no further growth. They remain visible until the cells disinte- 
grate. 

The Extrusion of Blisters from Renal Epithelium 

Suspensions of kidney cells occasionally may contain some intact 
tubules held together by the basement membrane, in which case blis- 
ters develop only on the interior surface of the epithelium. The blisters 
grow very rapidly, and old blisters are very soon detached by the 
formation of new ones. Thus, free blisters are continuously expelled 
through the open ends of the tubules (Fig. 29). The same process was 
observed in unstained frozen sections of living kidney tissue, prepared 
from a human kidney removed surgically. The unfixed tissue was 
immediately put into physiologic saline solution and sectioned by 
means of a freezing microtome with a special knife-cooling device. The 



PHASE MICROSCOPY, POTOCYTOSIS 


553 


sections were mounted in physiologic saline solution, and the edges of 
the coverslip sealed with vaseline. Slight, but distinct blister formation 
was visible in some of the tubules after a few seconds (Fig. 30). 

The Cellular Membrane of Squamous Epithelium 

Squamous cells were found to have a particular kind of cellular 
membrane. Suspensions of squamous cells were obtained by scraping 
the surface of the investigator’s oral epithelium with the edge of a 
coverslip (Bosshard® and von Albertini®). The membrane of these 



Text-Figure 3. Schematic drawing of the interdigitating wrinkles of the surface of 
two squamous epithelial cells. On the right is shown the artificial detachment of the two 
cells. 


cells was rather thick and very stiff, thus maintaining the irregular 
shape of the cells. The membrane was dissolved by 0.5 M ammonia 
after i or 2 hours, whereas the other chemicals mentioned above did 
not cause any alteration of the membrane. The surface of these cells 
is delicately wrinkled (von Albertini) and its pattern resembles a 
fingerprint (Fig. 32), whereas the contour is serrated (Fig. 31). The 
height of the wrinkles is about 0.5 fx,, their width o.i or 0.2 [x. The 
distance between two wrinkles is approximately 0.3 As far as I 
could see, these wrinkles are folds of the superficial layer of the cellu- 
lar membrane, interdigitating with those of the adjacent cells (Text- 

Fig. 3). 

Discussion 

Meltzer,^” on theoretical grounds, introduced the expression “poto- 
cytosis” for the drinking or sipping of submicroscopic quantities of 
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water by cells. Later, the term “pinocytosis” was used to describe the 
intake of whole drops of fluid by “ruffle cellular pseudopodia” in tis- 
sue cultures (W. Lewis . The word “potocytosis” seems preferable 
for the process of blister formation described in the present paper since 
an intake of entire drops of fluid by pseudopodia was not observed. 

The observations described in this paper demonstrate that potocy- 
tosis is a very common process in cells in suspensions. It occurs in 
epithelial as well as in mesench5rmal cells and in normal cells as well 
as in tumor cells. Squamous cells were the only type which did not show 
potoc3d;osis. Even distilled water, and 0.05 M ammom'a, which increase 
blister formation greatly in other cells, did not bring about potocytosis 
in squamous cells. 

A process very similar to blister formation was described by Hogue 
in cells of tissue cultures that were exposed to hypertonic salt solution. 
However, sometimes blisters developed even in normal Locke-Lewis 
solution. The detachment of blisters also was observed in Hogue’s 
experiments. Margaret Lewis described the formation of “blebs” 
along the edges of tissue cultures exposed to alkali. Similar “blebs” 
or sacs containing moving granules were observed by the same author 
in dying cells. These findings indicate that blister formation is not 
restricted to cells in suspensions. 

Since blisters fail to develop in cells which are completely surrounded 
by other cells in tissues, potocytosis must be considered a special type 
of fluid intake by living cells, which occurs particularly under unnatu- 
ral conditions, i.e., in suspensions and on the edges of tissue cultures. 
Therefore, it would appear that one of the fundamental conditions for 
potocytosis is the presence of a free cell surface in direct contact with 
an excess of fluid. 

Furthermore, the formation and the enlargement of blisters are 
dependent on a second factor — the viability of the cells — for the en- 
largement and the new formation of blisters stop immediately when 
the cells die. This fact indicates that blister formation is an active 
function of the living cell and even a very low osmotic pressure of the 
medium is not sufficient to produce blisters in dead cells. 

There is only a quantitative difference in the process of blister 
formation in cells in physiologic saline and those in h5q)ertonic saline 
solution, distilled water, or homologous and heterologous serum. Hence 
the chemical constitution of the suspension medium seems not to be 
of fundamental importance for the process of potocytosis. The acceler- 
ation of blister formation in distilled water probably is a consequence 
of the greater osmotic pressure of the protoplasm as compared with 
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that of the medium. Under inverse circumstances, the cells being in 
molar NaCl, the blisters disappear due to the negative osmotic pres- 
sure. The subsequent rapid new formation and enlargement of blisters, 
which at first seem to contradict this explanation, are probably due to 
an increase in the permeability of the cellular membrane caused by a 
change in it. The process of blister formation was independent of the 
temperature of the suspension between 8° and 45° C. 

The contents of the blisters seem to be part of the cellular proto- 
plasm in sol-form, whereas the rest of the protoplasm consists of the 
different granules embedded in the ground substance, which here is a 
colloid in polyphasic form. Therefore, the granules originally located 
in the jelled cortex of the protoplasm (Chambers '^), which is dissolved 
during the course of potocytosis (gel— > sol), are the only ones moving 
freely in the blister contents later on. This fact proves that the dis- 
tinct line of separation between the blister contents and the rest of the 
protoplasm (Fig. 16) is not a proper solid membrane, but a newly 
formed interface membrane. Therefore, the blister must be considered 
to be part of the protoplasm, and the blister contents to be outlined 
by an interface membrane (Text-Fig. 4). The free part of the blister 
wall behaves optically, as well as in its reaction to chemicals, like the 



Text-Figure 4. Schematic drawing illustrating the structure of a cellular blister, 
(a) Blister contents with a few granules, (b) Internal interface membrane, (c) Proto- 
plasm of the cell, (d) External interface meinbrane of the blister (plasma membrane). 


cellular membrane in blister-free cells. It must be assumed that in 
regard to their physical and chemical structure these two membranes 
are identical. 

The ability of living cells to form blisters is very interesting in regard 
to the problem of glandular secretion, for, although the conditions in 
the experiments reported above are unnatural, it is conceivable that 
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the secretion of at least some glands takes place in a manner very 
similar to potocytosis. A process resembling the formation and the 
detachment of blisters in suspensions has been observed by Jackson 
in cells of renal tubules of rats which had been fed a very high-protein 
diet. This author considered blister formation in vivo to be a sign of 
cell injury. The process is not restricted to kidney cells, since Jackson 
also saw it in uterine glands during pregnancy. Furthermore, the for- 
mation of blisters in renal tubules as observed in frozen sections of 
living tissue is similar to the process of “granuloid formation” in renal 
tubules (Kosugi^'^). Bell’s assumption^® that the “granuloid” is an 
artifact of extracellular origin is disproved by the above-mentioned 
observations (see Fig. 30). Altliough we know the blisters to be a 
product of living cells, it is not possible at the present time to decide 
whether potocytosis in kidney cells is restricted to cells surviving the 
death of the individual or whether it occurs, either under physiologic 
or under pathologic conditions, while the individual as a whole is alive. 

The phenomenon of potocytosis and the reaction of the cellular mem- 
brane to various chemicals aid in forming conclusions concerning the 
nature of the cellular membrane. NaOH (pH 10.2), and o.i to 0.5 M 
ammonia dissolve the cellular membrane, whereas in alcohol, acetone, 
and, to a lesser degree, in formalin, and in potassium bichromate, the 
cellular membrane shrinks, probably due to precipitation. Since the 
protoplasmic ground substance shows the same reactions to these 
chemicals, the chemical structure of the cellular membrane is likely to 
be identical or at least very similar to that of the protoplasm. 

From the observations presented above, it appears that the mem- 
brane of the cells in internal organs is a thin film of a slightly sticky 
fluid rather than a solid membrane. Otherwise, it would be impossible 
to explain the fact that a defect caused by the detachment of blisters 
is immediately closed. A process similar to the detachment of blisters 
already has been described by Chambers Fat droplets may pass 
through the cellular membrane (plasma membrane) after intraproto- 
plasmic injection without causing a visible defect in the membrane. 
Danielli,^® using an oil-water interface model, was able to demonstrate 
the same phenomenon, thus assuming the cellular membrane to be 
merely an interface membrane. The cellular membrane does not be- 
have like a semipermeable membrane either; the black and the bril- 
liant granules are influenced and changed by hypertonic as well as by 
hjrpotonic salt solutions (Fig. 19), thus proving that the membrane is 
permeable to salts. 
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The phenomenon of “pinocytosis” (W. Lewis is another proof 
that the cellular membrane cannot be solid. Therefore, the plasma 
membrane, which represents the only cover of the majority of the cells 
of the inner organs and of many tumors, has to be considered a simple 
interface membrane between the cytoplasm and the surrounding 
medium. The observation that blisters usually do not merge may be 
interpreted as a consequence of their surface tension. The same force 
prevents the blisters from rupturing. 

The stiff membrane of the squamous cells seems to be identical with 
the “extraneous cellular integument,” Chamber’s “proper cellular 
membrane,” although I was not able to distinguish it optically from 
the h5q)othetic underlying plasma membrane. The observation that 
these cells fail to develop blisters suggests that the lack of an extrane- 
ous cellular integument is a third conditional factor for the formation 
of blisters. 

Summary and Conclusions 

Potocytosis, the process whereby visible blisters form on tissue cells 
suspended in liquid media, has been described in detail. Squamous cells 
alone amongst those studied did not exhibit blister formation, whereas 
this was almost invariably seen in normal and neoplastic cells of other 
types when one or more of their surfaces had remained in contact with 
an excess of fluid for a few minutes. The process of blister formation 
was accelerated in distilled water and in hypertonic solutions. The 
blister contents seemed to consist of highly diluted protoplasmic ground 
substance which was separated from the rest of the protoplasm by an 
interface membrane. When blisters were detached, the cellular mem- 
brane remained apparently intact. It is conceivable that some gland- 
ular cells pour out their secretions by the detachment of blisters, and 
that the “granuloids” seen in renal tubules by .Kosugi and others 
may be detached blisters. 

The findings as a whole seem to support the theory advanced by 
others that many of the cells of the internal organs and those of some 
tumors are outlined by an interface membrane that lies between the 
protoplasm and the surrounding medium. Furthermore, the permea- 
bility of the cellular membrane to hypotonic and hypertonic saline 
solutions, as indicated by visible changes in the cytoplasm of cells 
suspended therein, seems to be much greater than is commonly sup- 
posed. The integument of squamous cells, by contrast, seems to be a 
genuine stiff membrane which is folded into minute wrinkles that inter- 
digitate with those of adjacent cells. 
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Plate ioo 

Figs, i to 4 show various preparations of human tumor material (adenocarcinoma of 
the stomach, biopsy) as seen with the ordinary and the phase microscope 
(PM). .. X 700. 

Fig. I. Dry smear stained with Giemsa stain; ordinary microscope. The nuclear 
and protoplasmic elements are very indistinct and the cells are markedly 
shrtmken. 

Fig. 2. The edge of an unstained frozen section of fixed material; PM. The 
nuclear constituents are readily visible, whereas the protoplasm, due to the 
formalin effect, is granular. 

Fig. 3. Paraflhi section of Zenker-fixed material; hematoxylin and eosin. The 
cells have shrunk and the nuclei are irregularly outlined. The nuclear elements 
are less distinct than in Figure 2; the protoplasmic structure is about the 
same. (Ordinary microscope.) 

Fig. 4. Unstained cells in suspension; PM. The cells are not shnmken, the ele- 
ments of the nuclei and the protoplasm being readily visible, a demonstrates 
a giant nucleus, h shows a multinucleated cell, and c illustrates a mitotic cell 
(metaphase). 

Fig. 5. Fresh suspension of frog kidney cells. The elements are distinctly out- 
lined by the cellular membranes. The protoplasm is filled with small, dark 
granules and the nuclei are “clear,” containing a few dark dots. PM. X 700. 

Fig. 6. Piece of a renal tubule of a frog. The cellular membranes are easily seen, 
while numerous small, black granules are visible in the cytoplasm of all of 
the cells. In the peripheral cells they are round and enlarged, while in the 

central area they are more rod-like. PM. X 700. 

\ 

Fig. 7. Cylindrical cell of the stomach, surgical specimen. There are three types 
of protoplasmic granules visible in the homogenous ground substance: (i) 
five large, white, spherical droplets bn the left of the nucleus; (2) a group 
of very small, black granules in the apical pole (on the left) and near the 
base of the cell (on the right) ; and (3) many dull-gray granules in the basal 
part. PM. X 1400. 
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Plate ioi 


Fig. 8. Brown-Pearce carcinoma cells, after having been in the suspension under 
the coverslip for 30 minutes, showing extensive blister formation. In the right 
middle cell there are several small blisters in the contents of a large blister. 
Above this cell there is a free blister. The process of detachment of a blister 
can be seen in its terminal phase below the cell just mentioned. PM. X 700. 

Fig. 9. Intraprotoplasmic origin of a blister (on the right) in a kidney cell of the 
.frog, 4 minutes after the animal was killed and the suspension was made. 
PM. X 1400. 

Fig. 10. Brown-Pearce carcinoma cell containing one intraplasmic and one bulging 
blister. PM. X 1400. 

Fig. II. V2 carcinoma cell showing diffuse blister formation. The protoplasm is 
compressed by the blister contents; the latter appear slightly darker than the 
suspension medium. The blister is surrounded by a bright diffraction ring. 
PM. X 1400. 

Fig. 12. The same cell as shown in Figure ii, 10 minutes later. The blister is 
markedly enlarged, and a second bright ring between the protoplasm and the 
blister contents has developed. PM. X 1400. 

Fig. 13. Granulosa cell tumor showing marked diffuse blister formation after the 
suspension was in the ice box for 24 hours. The cell in the center, besides 
being “ballooned” diffusely, contains a spherical vacuole, the contents of 
which are much brighter than that of the blisters. PM. X 1400. 

Fig. 14. Rabbit sarcoma cell exhibiting a single “local” blister. Of note is the dis- 
tinct line between the blister contents and the rest of the protoplasm. PM. 
X 1400. 

Fig. 15. Blister formation on the edge of a cortical piece of a frog kidney, 2 hours 
after the suspension was made. Some of the blisters are detached and stick on 
the surface of other blisters, but they do not merge. Several small granules 
are visible in some of the blisters. PM. X 850. 

Fig. 16. Large blister in a kidney cell (frog) containing some relatively large, 
black granules (out of focus). The blister contents are separated from the 
compact protoplasm by a distinct line. PM. X 1400. 
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Fig. 17. Degenerated Brown-Pearce carcinoma cell after having been in the suspen- 
sion at 37° C. for s hours. There are numerous small, bright vacuoles in the 
protoplasm. PM. X 1400. 

Fig. 18. Brown-Pearce carcinoma cell. An artificial current of the suspension 
medium under the coverslip from the left to the right deflects two blisters, but 
they do not merge. PM. X 1400. 

Fig. 19. Artificial blister of a ciliated frog cell in distilled water. On the left is a 
detached blister, containing some enlarged dark granules. PM. X 1400. 

Fig. 20. Kidney cells of the frog. Formation of a new blister may be seen in the 
cell on the left after a blister has been detached previously. The new blister 
again contains some black granules. PM. X 1400. 

Fig. 21. Brown-Pearce carcinoma cell showing numerous blisters, two of which 
have developed within the contents of a large blister. PM. X 1400. 

Fig. 22. Ciliated cells of the frog pharyn.x. The chromatin netw'ork is out of focus; 
large spontaneous blisters have developed. PM. X 1400. 

Fig. 23. The same cell as shown in Figure 22, 3 minutes after ammonia has been 
added to the suspension. The cilia have begun to disintegrate, the small, 
black, intraprotoplasmic granules (see Fig. 22) are very indistinct. The 
nucleus is enlarged and its membrane has almost disappeared. PM. X 1400. 

Fig. 24. Frog kidney cell in 0.05 M ammonia, show'ing a large blister. The 
blister w'as already present before the ammonia wns added to the suspension, 
but the ammonia caused a marked enlargement of the nucleus, w'hich now' 
fills the w'hole blister. A small new' blister has been formed within the blister 
W'all. PM. X 1400. 

Fig. 25. The effect of 5 per cent acetic acid on a ciliated cell of the frog pharynx. 
The cilia are curled and their basal bodies are detached as a w'hole from the 
rest of the protoplasm. The nuclear membrane is double contoured and bril- 
liant. PM. X 1400. 


564 



American Journal of Pathology. Vol. XXIV 


Plate 102 






Plate 103 

Fig. 26. Brown-Pearce carcinoma cells with artificial blisters, caused by distilled 
water. The entire cellular membrane, stretched out by a high intracellular 
tension, seems to form the blister wall. The nucleus on the right is hazy and 
homogenous, its nucleolus as well as the nucleus of the cell on the left are 
out of focus. The protoplasmic granules are enlarged. PM. X 1400. 

Fig. 27. Artificial old blister of a C3H sarcoma cell, which has been in distilled 
water for one hour. There are some small vacuoles in the compressed proto- 
plasm. PM. X' 1400. 

Fig. 28. Spontaneous blister formation in C3H sarcoma cells. The cell on the 
right is in mitosis and its blister shows stalk formation. A bright halo sur- 
rounds the chromosomes, and small, black particles are present in the proto- 
plasm of this cell. PM. X 1400. 

Fig. 29. An intact tubule of a mouse kidney has poured numerous blisters out of 
its open end. PM. X 700. 

Fig. 30. Unstained and unfixed frozen section of the cortex of a human kidney 
in physiologic saline solution. The section was made immediately after the 
surgical removal of the organ: the cells are still livdng and show blister 

formation into the lumen of a tubule. PM. X 400. 

Fig. 31. Cells of the same cell type as shown in Figure 32, in profile. The wrin- 
kles. are rather high and very sharp; the protoplasm contains many irregular, 
dark elements. PM. X 1400. 

Fig. 32. Upper surface of a squamous cell of the human mouth. The delicate 

wrinkles are clearly visible, as are the sharp edges of the cell. Some bacilli 

stick on the cellular surface. PM. X 1400. 
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CYTOLOGIC STUDIES WITH THE PHASE MICROSCOPE 

II. The Mitochondria and Other Cytoplasmic Constituents 
UNDER Various Experimental Conditions * 

Hans U. Zollinger, MD.t 

{From the Department of Pathology of Cornell University Medical College and the 
New York Hospital, New York 21, N.Y.) 

It has long been known that formed bodies of various sorts are 
present in the cytoplasm of tissue cells, those called mitochondria or 
chondriosomes having especially attracted the enduring interest of 
cytologists. The aims of the studies herein reported have been to 
identify the constituents of the protoplasm that can be seen with the 
phase microscope, and to learn more about their structure and chemical^ 
composition. 

Observations 

The working principle of the phase microscope (PM), the technic, 
and the material used in the experiments were described in the pre- 
ceding paper.^ By means of the PM three elements have been seen 
in the protoplasm of a variety of nucleated cells as follows: (i) a gray, 
mostly homogenous ground substance; (2) numerous small, dull-gray 
or black granules; (3) a few brilliant bluish granules of various sizes 
and shapes. 

Ground Substance 

Using the highest possible optical enlargement ( X 1400), very small, 
barely visible granules sometimes are observed in the homogenous 
ground substance, but the protoplasm of living cells never displays a 
network structure. In dead or dying cells, however, the protoplasm 
appears as a very dense network of irregular, thin fibrils, too small to 
be photographed, although readily recognizable in fixed and stained 
cells. 

Mitochondria 

The black or dull gray granules seen in the protoplasm of cells 
apparently are mitochondria. When viewed with an ordinary micro- 
scope these same granules appear pale yellow, and are stained with 
Janus green. 

When very fresh cells of the kidney and the small intestine are 
viewed with the PM, these granules are rod-shaped and about 0.1 fi 
wide and from 0.8 to 1.2 yi. long. In kidney cells these granules, or 

* Received for publication, August 15, 1947. 

t Fellow of the Svsdss Foundation for Biological-Medical Fellowships. 
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mitochondria as they will be called henceforth, very frequently show 
a small bulb on one end. In cylindric cells, such as those of the intes- 
tine, the mitochondria usually are located in the basal parts of the cells. 
If there are rod-like mitochondria, they are often oriented vertically 
to the basal membrane of the renal tubules or to that of the intestinal 
glands. In liver cells the mitochondria are arranged around the nucleus 
in a radial manner. 

When cells have been in the suspension medium for a few minutes, 
the mitochondria usually become round, with a diameter of from 0.25 
to 0.7 /a. The longer the cells remain in the medium the larger and 
more spherical become the mitochondria. Low temperature (below 
37° C.) delays the change. 

The size of the mitochondria varies not only from cell to cell of the 
same t5rpe, but even from one mitochondrion to another, this variation 
occurring in normal as well as in tumor cells. There is no difference in ■- 
size or form between the mitochondria of the kidney cells of well fed 
frogs and those in cells of frogs which are starving. Rod-like mito- 
chondria seem to be rare in tumor cells. 

The mitochondria usually move slowly to and fro in the protoplasm. 
The looser the protoplasm, the faster is this movement, and the larger 
the amplitude. Since the mitochondria of destroyed cells, floating freely 
in the medium, show the same movement, it is probably due to the 
brownian movement of the surrounding molecules. These free mito- 
chondria disintegrate only after several hours at 37° C. Intermediate 
stages between fat droplets (see below) and mitochondria cannot be 
seen. 

Figures 3 to 5 demonstrate the cellular reaction to distilled water. 
The cells swell immediately and become spherical. The mitochondria 
enlarge greatly (Fig, 2) and sometimes appear as small vesicles. This 
enlargement is particularly striking in mitochondria of destroyed cells 
floating freely in the suspension medium. The thin walls of the vesicles 
look like membranes, each showing one distinct black, regular thicken- 
ing (Fig. 7), which can be observed only in profile. Since the mito- 
chondria are always rolling in the moving suspension medium under 
the coverslip, it can be observed that there is such a thickening in every 
vesicular mitochondrion. The material forming the thickening seems 
to be located on the internal side of the wall of the vesicle in every 
case, and projects into the interior of the vesicles. Therefore, the out- 
line of these vesicular mitochondria is always smooth. These changes 
are reversible, and the mitochondria decrease in size when physiologic 
saline solution replaces the distilled water, and eventually reach their 
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original size (Fig. 8). The whole process can be repeated several times, 
the result always being the same. 

Occasionally, blisters ^ contain mitochondria which swell immediately 
when reached by the distilled water under the coverslip, even before 
the swelling of the intraprotoplasmic mitochondria (Fig. 9). 

In 0.05 to o.i M ammonia the mitochondria enlarge greatly (maxi- 
mal diameter, 3,2 [i), and take the shape of spherical balls, or even 
vesicles, with slightly irregular walls. The distinct regular thickening 
observed in distilled water does not appear. This enlargement in am- 
monia is especially striking in those mitochondria that float freely in 
the suspension medium (Fig. ii). After a minute or two in ammonia, 
some of these swollen mitochondria merge and form spherical, black 
balls, the diameter of which ranges from one-tenth to one-fifth of that 
of the swollen nucleus. The replacement of the ammonia by physio- 
logic saline solution brings about a slow shrinkage of the single mito- 
chondrion, whereas the coalesced mitochondria do not change their 
size (Fig. 12), In 0.5 M ammonia the whole cell is transformed into a 
jelly, the slightest pressure on the coverslip causing disintegration of 
the cell, after which the mitochrondria float freely in the suspension 
medium as a compact mass. 

Ten per cent formalin causes the whole cell to shrink slightly, and 
the mitochondria become very small but do not change their shape. 
The shrinkage of the protoplasm is much more striking in 100 per cent 
formalin; the cells become irregular, round, and yellow. These changes 
are irreversible. Seventy and 95 per cent alcohol, acetone, and, to a 
lesser degree, 3 per cent potassium bichromate have the same effect. 
In 5 per cent acetic acid there is no recognizable shrinkage of the 
protoplasm, but the mitochondria swell markedly; the replacement of 
this agent by physiologic saline solution does not yield any further 
change. Two surface active compounds investigated (o.i per cent 
he 3 Qrlresorcinol S.T. 37,* and zephiranf) cause a marked swelling of the 
protoplasm; in hexylresorcinol the mitochondria shrink irreversibly, 
whereas they remain unchanged in zephiran. 

In order to determine the effect of various pH concentrations on liv- 
ing cells, the pH of 0.9 per cent NaCl was changed by means of NaOH 
and HCl, respectively, and the pH was measured with a glass elec- 
trode. In a medium of pH 5.8 to 4.0, the mitochondria enlarge slightly 
and reversibly (Fig. 10) ; the same is true at pH 8.3. At a lower H-ion 
concentration (lo.i) the mitochondria swell more than at 8.3, and 
about 2 minutes later the whole cell begins to disintegrate. The en- 

* Sharp & Dohme; fWinthrop Chemical Co., Inc. 
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largement of the mitochondria in alkaline media is reversible if the 
cells subsequently are washed in buffered physiologic saline solution 
of pH 7.0. 

At, 3 7° C. the mitochondria enlarge progressively until they reach 
their maximal size after about 2 hours. Afterwards they rapidly de- 
crease in size. At 45° C. the maximal diameter is reached after 5 to 10 
minutes, and at 56° C. after only 2 minutes. At 75° C. the mito- 
chondria do not enlarge. Suspensions which have been in the ice box 
show very small mitochondria, but if the suspension is placed in the 
water bath at 37° C., the mitochondria enlarge much faster than do 
those of the fresh suspension. 

Storage Gramdes 

In fresh suspensions of qormal organs the protoplasm very often 
contains several small, brilliant granules, which may be called “storage 
granules” (see discussion for explanation). These storage granules en- 
large considerably when the suspension is kept at 37° C. for several 
hours. The enlargement is accelerated by high temperature (not ex- 
ceeding 45° C.), and delayed by low temperature (Fig. 13). These 
granules are bluish under the PM and yellow-green under the ordinary 
microscope, and they show a very distinct, black contour (Figs, i and 
2). Usually, the storage granules are spherical, but sometimes their 
shape is slightly irregular. Their diameter ranges from o.i to 2.0 fi. 
In liver and kidney cells, these brilliant granules are large and very 
numerous; in the stomach and the intestinal epithelium, their size and 
number are moderate, whereas in the ciliated epithelium and particu- 
larly in fibrocytes they are very small and infrequently found. In these 
latter cells they enlarge only slightly at 37° C. In tumor cells the 
brilliant granules are less numerous than in normal cells, but sometimes 
they are very large; usually the nuclei of such cells exhibit signs of 
degeneration. In most cells the storage granules are scattered through- 
out the protoplasm, but a particular arrangement of these granules 
around the intracellular mucus or, if there is no secretion, in the apical 
pole of the protoplasm is found in the cells of the stomach and the 
intestinal epithelium. 

The storage granules sometimes move to and fro in the protoplasm, 
but not as much as do the mitochondria. The granules, after destruc- 
tion of the cells, float freely in a physiologic medium and do not change 
their size or shape. 

In suspensions of living cells, the storage granules are not stained 
by neutral red in a concentration of 1:10,000, but they stain deep red 
in cells which show disintegration of the nuclei or if too strong a con- 
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centration of the dye is used. In the latter case, the nuclei are dam- 
aged by the dye. If the cells are crushed by pressure on the coverslip, 
the storage granules remain almost unchanged (Fig. 14). 

Distilled water, 0.05 M ammonia, 4 per cent formalin, 3 per cent 
potassium bichromate, and o.i per cent hexylresorcinol do not alter the 
storage granules. In o.i to 0.5 M ammonia, 5 per cent acetic acid, 
acidic media of pH 4.0 and higher, acetone, 95 per cent alcohol, and 
O.I per cent zephiran, the granules remain unchanged for some min- 
utes. Then, suddenly, they disappear one after the other. However, 
there remains a wrinkled, thin, black shell for every granule. This 
can be demonstrated particularly well in granules floating freely in the 
medium. Unfortunately, these shell-like remains are too small (0.2 
to 0.3 [i) to be shown in photomicrographs. With the exception of 0.1 
M ammonia, this partial dissolution is irreversible in all of the experi- 
ments. In a solution of 0.1 M ammonia, the shell-like remains of the 
storage granules swell somewhat when the ammonia is replaced by 
physiologic saline solution, and they become spherical again, but never 
brilliant. Occasionally, neighboring storage granules may merge be- 
fore being partly dissolved; in this intermediate phase they form large, 
brilliant, spherical globules. Molar saline solution causes a slight de- 
crease in size of the storage granules combined with irregularities in 
shape; these changes are irreversible. 

Granules of a particular kind can be seen in squamous cells of the 
epithelium of the mouth. Figure 15 demonstrates such a cell showing a 
pyknotic nucleus and numerous irregular, black granules. In other 
cells of the same origin the granules are much larger, brilliant yellow, 
and almost spherical, with some small indentations or sharp edges (Fig. 
16). They never show brownian movement. In suspensions of Shope 
papilloma cells (Fig. 17) and, to a lesser degree, in those of the V2 
carcinoma (originating in the Shope papilloma) these granules are very 
large and numerous. They show the t3q>ical staining reactions of 
keratohyalin (Ladewig and Oberndorfer ^). 

Microsomes 

Blisters may contain some mitochondria and even storage granules.^ 
In addition, under the influence of distilled water some very small 
particles appear in the blister contents. These particles move to and 
fro, and may almost reach the size of mitochondria in normal cells. 
The replacement of the distilled water by physiologic saline solution 
produces a sudden shrinkage and disappearance of the particles. These 
elements also can be observed in the blister contents when 0.05 M 
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ammonia has been applied, but they are more indistinct than in the 
experiments with distilled water. 

After many failures, success was attained in photographing these 
minute particles. Apparently, when the particles are exactly in focus, 
they are too small for photographic reproduction, whereas, when the 
picture is focused on a plane slightly higher or lower than the particles, 
they appear as small, indistinct, black spots on the film. The results 
of making several exposures of the same cell and focusing at different 
levels are demonstrated in Figures 9 and 18. 

Fat Droplets 

Some cells, especially those of the liver and kidney, sometimes con- 
tain small or large (0.5 to 3.0 /u-), brilliant yellow droplets which are 
absolutely spherical and show a dark double contour (Fig. 19). When 



Text-Figure i. Brown-Pearce cardnoma cell containing a large “indusion body,” 
which shows large fragments. 

the cells have been destroyed, these droplets float freely in the suspen- 
sion medium. They never change their form and size during the ex- 
periments and do not move within the cells. Since the droplets are 
immediately dissolved by 95 per cent alcohol and selectively stained 
by scarlet red, there seems little doubt that they are composed of fat. 

Inclusions 

Cells of the rabbit sarcoma, the Brown-Pearce and V2 carcinomas, 
as well as those of the C3H sarcoma, often contain large protoplasmic 
inclusion bodies. They are mostly spherical or oval and bright yellow 
(Fig. 20). When the suspension contains neutral red, 1:10,000, very 
often large, bright red granules appear within the inclusion bodies. 
Occasionally, these inclusion bodies contain several black, irregular 
particles which measure from i to 3 /x. in diameter (Text-Fig. i). It 
seems probable that these bodies represent dead cells, the black parti- 
cles being fragments of their nuclei. 
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Vacuoles 

Sometimes there are large, more or less rounded spaces in the proto- 
plasm of cells which have been in suspension at 37° C. for several 
hours, or under the coverslip for 20 to 30 minutes (Figs. 21 and 22). 
They are irregularly outlined, and their contents stain slightly with 
neutral red. In unstained preparations the contents of vacuoles are 
much brighter than those of blisters.^ These vacuoles never cause 
bulges of the cellular membrane, and do not contain particles. There- 
fore, the vacuoles are readily distinguishable from blisters. 

In the ciliated epithelium of the frog phar3mx and in a few tumor 
cells, round spaces occasionally may be seen located on the poles of 
the nuclei (Fig. 23). These spaces are less distinct, but even brighter 
than the vacuoles; it is possible that they represent the Golgi appara- 
tus, but positive proof of this suggestion is not available. On the other 
hand, pictures like those presented by Brice, Jones, and Smyth, ^ show- 
ing the Golgi apparatus as a large dark mass, were not observed in 
the experiments mentioned above. 

Discussion 

The protoplasmic ground substance, in which the nucleus and the 
various granules are embedded, is said to consist maiiily of a frame- 
work of fibrous proteins, as well as nucleoproteins with lipids and a 
mesh-filling interparticular fluid (Bensley,^ Guilliermond ‘^) . Claude® 
assumed that the microsomes form the chromophilic part of the ground 
substance. Under normal conditions, this substance appears homoge- 
nous and slightly gray under the PM ; but it becomes net-like when the 
cells die as a result of heat. The sudden shrinkage and the fact that 
the protoplasm becomes irreversibly brilliant when placed in acetone, 
alcohol, etc., indicate that these chemicals cause a precipitation. It is 
very difficult to decide whether the ground substance is a sol or a gel. 
Lewis demonstrated the reversibility of the protoplasmic gelation pro- 
duced by acid mediums and the dissolution of the protoplasm by 
alkali; however, in the experiments mentioned above these changes 
were irreversible. The brownian movement of the various protoplasmic 
particles, which may be seen in almost every cell, has led Bayliss ® to 
the conclusion that the protoplasm is a sol, whereas Lewis ^ observed 
brownian movement only in cells whose protoplasm had been dissolved 
by alkali. As a matter of fact, the brownian movement differs very 
much from cell to cell, and even from particle to particle. This indi- 
cates that the protoplasm is a colloid in a polyphasic state, of which 
the proportion of the two phases (gel and sol) -may change very easily. 
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The mitochondria can easily be observed in living cells by means 
of the PM; they are small, black, dull granules which may or may not 
show brownian movement. The shape of the mitochondria changes 
from cell to cell; rod-like mitochondria are rather rare in cells suspended 
in artificial mediums. The mitochondria react very rapidly to changes 
of the medium. Their enlargement in hypotonic solutions has already 
been observed by Anitschkow ° and by Bang and Sjbvall.^® The vesicu- 
lar swelling caused by the action of distilled water probably is a pre- 
ponderantly osmotic effect; but no chemical constituents of the mito- 
chondria can be observed to be dissolved by distilled water. In every 
freely floating vesicular mitochondrion there appears in distilled water 
a peculiar, strictly localized thickening of the wall (Fig. 7). Therefore, 
this thickening must be an integral constituent of every mitochondrion; 
it seems to represent the original body of the mitochondrion, the mem- 
brane or integument of which has become detached by the action of the 
distilled water. A comparison between this process and potocytosis ^ 
is obvious: a localized increase of the intracellular and especially the 
intraparticular water content takes place. Mirsky and PoUister^^ 
stated that molar NaCl dissolves desoxyribonucleoprotein selectively. 
The experiments reported above suggest that molar saline solution does 
not dissolve any constituent of the mitochondria. Provided that Mirsky 
and Pollister’s assumption is correct, this indicates the lack of soluble 
desoxyribonucleoprotein in the mitochondria. This result, obtained by 
the direct optical method (PM), corresponds with the former findings 
of these authors,^^’^® who used chemical analysis and an indirect opti- 
cal method (microscopic sections), as well as with those of Caspersson 
and Santesson^^ (microspectroscopy) . Osmosis may partly explain the 
action of ammonia on the mitochondria, but their coalescence in am- 
monia indicates that the surface tension of the mitochondria decreases 
under the influence of ammonia. 

The observation of a vesicular structure of the swollen mitochon- 
dria harmonizes with those of Guilliermond,® Anitschkow,** Hertwig,^** 
Cowdry,^** and Ludford.^'^ These morphologic findings seem to sup- 
port the statement that the chemical constituents of the mitochondria, 
the lipid and protein molecules particularly, are concentrated in the 
superficial zone of each mitochondrion (Bensley,^® Bourne^**). Ob- 
servations with the electron microscope (Claude and Fullam ^*’) con- 
firm the existence of a membrane forming the external zone of the 
mitochondrion. Opie and Lavin,^^ using Giemsa’s stain and ultraviolet 
light, have proved in recent investigations that the external layer of 
mitochondria consists of ribonucleic acid. Lewis and Hogue found 
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such vesicular mitochondria in tissue cultures treated with acids and 
anisotonic salt solutions, respectively. Both authors considered cells 
containing vesicular mitochondria to be dead. 

Since the shrinkage of the mitochondria in alcohol and acetone is 
irreversible, it may be assumed that alcohol and acetone dissolve the 
lipid constituents, and perhaps precipitate the proteins. 

The reaction of tlie mitochondria to heat (45° to 65° C.) indicates 
that these temperatures first accelerate and then delay a process, which 
takes place in every cell of a suspension at 37° C., and even at room 
temperature. The higher the temperature, the sooner it occurs. The 
visible sign of this process is the enlargement of the mitochondria. The 
significance of this enlargement is unlaiown; it might be caused by the 
change of the intracellular H-ion concentration as a result of patho- 
logic cellular metabolism in an unnatural surrounding. 

Chambers succeeded in breaking mitochondria into two pieces 
with the microneedle; Strangeways and Canti and Claude ® observed 
mitochondria spontaneously breaking in two. Therefore, the contents 
of the mitochondria are not likely to be in a fluid state. 

When reviewed in their entirety, these experiments and reflections 
lead to the following conclusion: the mitochondrion consists of an 
elastic membrane and its contents which, under ordinary conditions, 
are probably in gel form. Important components of the mitochondria 
seem to be located in, or just below, the membrane. When the mito- 
chondrion swells by intake of water (in distilled water, etc.), the mem- 
brane is detached from the “body” of the mitochondrion by the fluid. 

Finally, the fact deserves emphasis that the mitochondria react 
rather rapidly to every chemical change of the medium, but are not 
very fragile; very often they “survive” the mechanical destruction of 
cells for some time. 

The “storage granules” are spherical or slightly irregular, brilliant 
granules with a bluish color in the PM. They are very resistant to 
mechanical influences, and thus the suspension medium usually con- 
tains a great number of these particles. The number of storage gran- 
ules is surprisingly high in liver and kidney cells (storage granules: 
mitochondria = 2:1, or 1:1). The discrepancy between this statement 
and the findings in microscopic sections, in which von Mollendorff 
described extremely rare granules in kidney cells, can be explained 
easily by the dissolution of large parts of the storage granules by 
fixatives and dehydrating chemicals (see below). The differential diag- 
nosis between storage granules and fat droplets as observed with the 
PM can be made easily by means of alcohol: fat is immediately and 
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completely dissolved, whereas the storage granules disappear later, 
leaving shell-like remains. 

The reaction of the storage granules to various chemicals (alcohol, 
acetone, acetic acid, etc.) indicates that these granules consist of at 
least two different materials. One component, which gives the storage 
granules their bluish color and their brilliancy in the PM, and the 
yellow color in the ordinary microscope, is dissolved under the influence 
of these chemicals. The other component is probably precipitated by 
these agents, and remains visible in the form of a “shell.” Claude,® 
using differential centrifugation, found that phospholipid and ribonu- 
cleic acid were the main constituents of the storage granules of liver 
cells. Therefore, the storage granules must be considered to consist 
of a solid membrane and its fluid contents, which are rich in lipids. 
The solid structure of the membrane is proved by the facts that (i) 
the storage granules may be irregularly outlined, and (2) a wrinkled 
“shell” remains after the action of the chemicals mentioned above. The 
contents of the storage granules must be fluid, or at least not solid, 
because the granules burst immediately when punctured by a micro- 
needle (Chambers^®). 

Due to the small size of the “shells,” the determination of their 
chemical composition is difficult. The main material is probably pro- 
tein. Deane,^® in a recent paper on the basophilic bodies in hepatic 
cells, demonstrated that these bodies consist of ribonucleoprotein. 
These bodies may be identical to the remains or “shells” of the storage 
granules. If this is true, the variability of these bodies in size and 
form (Deane) could be a consequence of the different sizes which the 
storage granules had reached at the moment of fixation, as well as of 
the degree of their disintegration caused by fixation and dehydration. 
In further experiments I shall try to decide whether my assumption 
is correct. 

The storage granules are by no means a homogenous group of 
granules; without doubt this group includes elements of different func- 
tional properties: 

(i) Proof of the secretory function of storage granules of one type 
is offered by Claude,® who observed an accumulation of the “secretory 
granules” in liver cells of the starving Amphiuma tridactylum. After 
the animal’s first meal, these granules were poured out. A cyclic change 
of the “secretory granules” in gland cells is assumed by Maximow and 
Bloom, and many others. The general conception is that these genu- 
ine secretory granules store the secretion products, or their precursors, 
until they are poured out. 
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(2) It was stated above that the storage granules observed in these 
experiments enlarge in living cells in suspension, and that this enlarge- 
ment depends upon the temperature of the suspension medium as well 
as upon the length of time which the cells stay in the suspension. In 
fresh suspensions, on the other hand, particularly in those of malig- 
nant tumor cells which have been thoroughly washed in physiologic 
saline solution and then stored in a protein-free medium, the main 
building material of the storage granules has to be considered of endo- 
cellular origin. It has to be assumed, therefore, that granules of this 
particular type store accumulated waste products of the cellular me- 
tabolism. The same statement was made years ago by Lewis and Mc- 
Coy,^® who proposed to call these particles “starvation granules,” 
whereas Ludford named them “degeneration granules.” In vitro, a 
secretion of such granules never was observed, and their further fate 
in vivo is unknown also. It is conceivable that such cells, as, for in- 
stance, in the neighborhood of an infarct, can recover and later remove 
the granules. 

(3) A further subgroup is formed by the “resorption granules,” 
which have been studied particularly by Oliver in the cells of renal 
tubules. He demonstrated the accumulation of large protein granules 
in cells of certain sections of the nephron after intraperitoneal injec- 
tion of heterologous protein into animals. These granules iii all proba- 
bility represent heterologous protein, resorbed by the tubular cells 
from the primary urine after having passed through the glomeruli. 
These “resorption granules” are a common finding in human glomerulo- 
nephrosis (Zollinger^®). The fundamental process leading to the 
formation of resorption granules is the cellular resorption and the 
intracellular accumulation of a primarily extracellular material. 

It has been emphasized that the storage granules are not a homoge- 
nous group; however, the experiments reported above demonstrate 
that the optical behavior as well as the structure of the three subgroups 
in the PM are the same. Furthermore, the three subgroups are found- 
ed on the intracellular storage of either exogenous or endogenous 
material, probably containing proteins. For these reasons, the con- 
centration of the three subgroups in one main group, called “storage 
granules,” seems to be justified. 

According to these theories, the granules of squamous cells would 
represent storage granules, which consist in this case of keratohyalin. 
These brilliant particles appear first in the deepest layers of the multi- 
layered squamous epithelium, where the mitochondria are well pre- 
. served. In the upper layers they are enlarged and the mitochondria 
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disintegrate. Therefore, a close connection between the mitochondria 
and these keratohyaline granules is unlikely to exist (Cowdry^^). 

It has not yet been decided whether there is a connection between 
the mitochondria and the storage granules in general. Von Mollen- 
dorff,^° Maximow and Bloom, and many others considered them to 
be fundamentally different, whereas Oliver and Bloom defended 
the theory of a transformation of mitochondria into storage granules, 
at least as far as the above-mentioned resorption granules in cells of 
renal tubules are concerned. Through the courtesy of Dr. Jean Oliver, 
I had the opportunity to study such cells and tubules with the PM. 
It is certainly true that the number of mitochondria is remarkably 
decreased in cells containing large resorption granules. But the evi- 
dence that the resorption granules are formed from fully developed 
mitochondria is not convincing. In the experiments with various cell 
suspensions it was observed that the storage granules can be very small 
in cells exhibiting relatively large mitochondria. The storage granules, 
therefore, must originate in particles which are much smaller than 
normal mitochondria. 

An intermediate position between the two extreme opinions is taken 
by Claude,® who assumed that the mitochrondria and the secretory 
granules “constitute extreme forms in a continuous series of cyto- 
plasmic elements.” When dealing with the significance of the micro- 
somes, this opinion shall be mentioned again. 

A further observation to be discussed is the appearance of very 
small granules in the blisters of cells which are suspended in distilled 
water or in 0.05 M ammonia. Two similar observations are reported 
by Hogue and Chambers and Fell.®® These particles presumably 
are identical to microsomes (Bayliss ®) or to ultramicroscopic particles 
(Bensley^). Of course, Hertwig’s original definition of microsomes 
as particles, the size of which is (under ordinary circumstances*) below 
the resolving power of a light microscope,^® leaves one undecided 
whether or not it includes several kinds of particles. As a matter of 
fact, two submicroscopic elements of different chemical composition 
have been recognized in liver cells (Lazarow ®^). Since the microsomes 
measure from 60 to 150 (Claude®), it is obvious that they are 
scarcely visible under the ordinary microscope, as well as under the 
PM; but the slightest enlargement brings them within the range of 
visibility. This fact is utilized fully by the PM, which allows them 
to be observed without any shrinkage caused by fixation. Further- 

* Words in parenthesis were added by the author. 



PHASE MICROSCOPY, MITOCHONDRIA 58 1 

more, the PM makes it possible to select blisters containing separated 
microsomes for observation. 

, A similarity between the microsomes and the secretory granules, as 
suggested by Claude,^^ could not be noticed in my experiments. The 
optical picture of microsomes, as well as their behavior in different 
mediums, is contrary to those of secretory granules. In recent studies, 
Claude ® observed the breakdown of mitochondria into small “micro- 
some-like elements,” and Baker pointed out that microsomes are 
chemically very similar to the mitochondria. 

Future investigations may help to decide whether there is a funda- 
mental difference between mitochrondria and microsomes, or whether 
microsomes are an intermediate stage in the formation of mitochondria 
de novo. The above-mentioned opinion of Claude ° with a slight modi- 
fication, seems in best agreement with the sum of the numerous known 
facts. Accordingly, microsomes would have to be regarded as the 
original, undifferentiated particles, which, corresponding to the needs 
of the cell, may develop into mitochondria as well as into secretory 
granules. 

The bright intraprotoplasmatic vacuoles which occur exclusively in 
cells of old suspensions and of disintegrating tumors have nothing in 
common with the blisters.^ They are probably the result of proto- 
plasmic autodigestion, as suggested by Cowdry.^® 

There seems to be little doubt that the large inclusions in tumors 
represent necrotic tumor cells in which the remains of the disintegrated 
nuclei are sometimes still visible as dark fragments. The different 
stages of this necrophagoc3ffosis can be observed in a suspension of a 
highly necrotic V2 carcinoma. The dead cell body is enveloped by the 
protoplasm of a living tumor cell. The large granules, stained with 
neutral red, are probably storage granules which developed before the 
cell had died.®^ 

Summary 

A study of the protoplasmic constituents of various cells with the 
phase microscope has led to the following observations and conclu- 
sions: 

The mitochondria appear as small gray or black, indistinctly out- 
lined, spherical or rod-like granules. Normally, they appear as solid 
particles, but in distilled water and in dilute solutions of ammonia 
they enlarge greatly, and fluid accumulates between a superficial inter- 
face membrane and the slightly swollen “body” of the mitochondrion. 
In normal cells some of the mitochondria exhibit brownian movement. 
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Mitochondria react readily when the cell is exposed to .adverse 
environmental conditions. They are not fragile, however, and-voften 
may be seen for some time after the mechanical destruction ;pf the 
cell. 

Storage granules are usually spherical or slightly irregular and have 
a brilliant blue hue. Their fluid contents are surrounded by a thin 
membrane, which may be seen as a “shell” after the destruction of the 
granules. They may enlarge in a number of ways: by the accumulation 
of waste products (degeneration granules), by preparing cellular prod- 
ucts for secretion (secretory granules), or by resorption (resorption 
granules). The Z3miogen granules, the hyaline droplets in renal tubular 
cells, and the irregular keratohyaline granules of squamous cells be- 
long to this group of cytoplasmic constituents. 

The microsomes cannot be seen in the cellular cytoplasm except in 
the blisters produced by distilled water or ammonia. These visible 
microsomes are probably greatly swollen. It is conceivable that micro- 
somes may be undifferentiated precursors of mitochondria and storage 
granules. 

The protoplasm of cells which have been in suspension for a long 
time contains irregular degeneration vacuoles. They are bright and 
have nothing in common with blisters. 

No Golgi apparatus could be identified with the phase microscope 
in these experiments. 

Several types of experimental tumor cells often contained large 
protoplasmic inclusions which seemed to represent phagocytized dis- 
integrating cells. 

It appears that the protoplasm is a colloid in a pol3q)hasic state of 
sol-gel balance, and that this state may change very easily. 
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Plate 104 

Rcg. I. Isolated kidney cell of the frog. The large, bright elements with black 
contour are storage granules; the indistinct gray granules are mitochondria. 
On the left there is a single fat droplet. The cellular membrane is not in 
focus. PM. X 1400. 

Fig. 2. Brown-Pearce carcinoma cells in distilled water. The nuclei are hazy and 
moderately enlarged, and the mitochondria are swollen. The nucleoli of the 
two cells in the middle are out of focus. PM. X 1400. 

Fig. 3. A group of unchanged Brown-Pearce carcinoma cells for comparison with 
Figures 4 and 5. PM. X 1400. 

Fig. 4. The same group of carcinoma cells shown in Figure 3, 3 minutes after 
the replacement of the physiologic saline solution by distilled water. The 
nuclei are swollen and hazy, the nucleoli are indistinct (out of focus), and 
blister formation is accelerated. Enlarged, black mitochondria may be seen. 
PM. X 1400. 

Fig. 5. The same group as shown in Figures 3 and 4, 4 minutes after further re- 
placement of the distilled water by physiologic saline solution. The nuclei are 
smaller than in Figure 4; the chromatin network shows the same arrangement 
as in Figure 3, and the nucleoli have reappeared. The mitochondria have 
regained their original size. PM. X 1400. 

Fig. 6. C3H sarcoma of the mouse. The mitochondria and the storage granules 
are easily distinguishable from each other. The ceU on the left contains two 
rod-like mitochondria near the lower pole of the nucleus. PM. X 1400 - 

Fig. 7. The effect of distilled water on mitochondria, which float freely in the 
suspension medium after mechanical destruction of frog kidney cells.^ The 
mitochondria are markedly enlarged and vesicular; the black, distinct thicken- 
ing of the wall (see text) is readily visible in many of the vesicles. PM. 
X 1400. 

Fig. 8, C3H sarcoma cell after replacement of the distilled water by physiologic 
saline solution. The nucleus has lost its ' hazy structure and the chromatin 
network has reappeared. The mitochondria are still round, but not markedly 
enlarged. PM. X 1400, 
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Fig. 9. Kidney cells of the. frog in physiologic saline solution, to which distilled 
water had been added just before the picture was taken. The mitochondria 
in the protoplasm are still rod-like and small, whereas they are greatly enlarged 
in the blister contents. Besides the enlarged mitochondria, the blister contains 
two verj' small particles (microsomes). PM. X 1400. 

Fig. 10. Brown-Pearce carcinoma cell in saline solution of pH 4.0. The nuclear 
membrane has become brilliant; the chromatin network is verj' dense; the 
nucleolus is enlarged; and the protoplasm has shrunk. PM. X 1400. 

Fig. II. Large, vesicle-like mitochondria and storage granules of frog kidney cells 
in 0.5 M ammonia. The cellular membrane has been destroyed completely, 
and the granules are markedly swollen. PM. X 1400. 

Fig. 12, Ciliated epithelial cells of the frog, treated with o.i M ammonia, and 
washed afterwards in physiologic saline solution. Most of the mitochondria 
again are small, but where they had merged before, they did not decrease in 
size (large black dots). PM. X 1400. 

Fig. 13. Brown-Pearce carcinoma cells, after having been at 6° C. for 3 hours. 
The mitochondria and the storage granules are very small; the cells show 
marked potocytosis. PM. X 1400. 

Fig. 14. V2 carcinoma cells killed by pressure on the coverslip. The mitochondria 
have disappeared; the storage granules are well preserved, but very small. The 
nuclear membrane is no longer visible. PM. X 1400. 

Fig. 15. Numerous irregular, black granules in an epithelial cell of the human 
mouth. The nucleus is slightly shrunken. Of note is the thick, irregular cellu- 
lar membrane. PM. X 1400. 

Fig. 16. A cell of the same type as shown in Figure 15. The granules are larger, 
shiny, and partly spherical. PM. X 1400. 

Fig. 17. A cell from a Shope papilloma of the rabbit, containing granules of the 
same tjTie as shown in Figure 16. The nucleus is out of focus. PM. X 1400. 
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Fig. i8. Blister in a kidney cell of the frog, in distilled water containing two tiny, 
black granules (microsomes). PM. X 1400. 

Fig. 19. Liver cell of the frog filled with fat droplets and a few storage granules. 
PM. X 1400. 

Fig. 20. Brown-Pearce carcinoma cell with a large inclusion body. The bright 
ring around the body indicates that the latter is quite spherical. PM. 
X 1400. 

Fig. 21. Brown-Pearce carcinoma cells after having been in suspension at 37° C. 
for 3 hours. Blister formation can be seen in every cell. In addition, the cell 
on the left contains several vacuoles. The brilliant storage granules and the 
black or gray mitochondria are easily distinguishable from each other. The 
nucleoli are large, and the chromatin network is plump. PM. X 1400. 

Fig. 22. Brown-Pearce carcinoma cells of a fresh suspension. At the upper left 
there is a necrotic cell with a bright diffraction ring; next to it there is a 
degenerated cell with enlarged storage granules. The cell below shows vacuoles. 
PM. X 1400. 

Fig. 23. Rabbit sarcoma cell with two paranuclear “vacuoles” and a large blister. 
PM. X 1400. 
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MELANOMAS OF CHILDHOOD * 


Sophie Spitz, M.D. 

{From the Pathology Laboratories of the Memorial Hospital, New York, N.Y.) 

It has become apparent over a period of years that even when a 
histologic diagnosis of malignant melanoma has been made in children 
the clinical behavior rarely has been that of a malignant tumor. The 
disparity in behavior of the melanomas of adults and children, despite 
the histologic similarity of the lesions occurring in the different age 
groups, is obviously a matter of fundamental importance and the fol- 
lowing questions immediately arise; Does the histologically malignant 
melanoma of children differ in any structural detail from that of 
adults? Can the clinical behavior of these lesions be predicted from 
their histologic structure? What, if any, are the factors known to 
influence the clinical behavior? Should the melanomas of children be 
treated any differently from the melanomas of adults? 

Material 

* 

In a search of the files of the Memorial Hospital for instances of 
malignant melanoma in children, it soon became apparent that the 
diagnosis had been made with far greater frequency 20 or more years 
ago than in the past decade. This difference was quickly accounted 
for in the usual structure of the benign pigmented nevi of children as 
contrasted with that of the benign nevi of adults. In more recent 
years, the criteria for the diagnosis of malignant melanoma had become 
clarified to the extent that histologic features of the nevus of childhood, 
formerly regarded as stigmata of malignant change, were no longer so 
considered. However, there remained a group of cases in which a diag- 
nosis of malignant melanoma seemed histologically sound. Over a 
period of years, the qualification has been added to reports of such 
lesions that they probably would not behave as malignant tumors. In 
order to distinguish these lesions both from the malignant melanoma 
of adults and the unequivocally benign nevus of childhood, the term 
“juvenile melanoma” has been adopted. The term “melanoma” in this 
paper, as in common usage, has been applied only as an abbreviation 
for malignant melanoma. 

The material for this study is comprised of 13 cases f diagnosed 
histologically as juvenile melanoma during the past 13 years and 
occurring in children ranging in age from 18 months to 12 years. For 

♦Received for publication, June 4, 1947. 

t Submitted from the Mixed Tumor Service of the Memorial Hospital. 
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purposes of comparison, a group of melanomas occurring in young 
adults of from 14 to 19 years of age also was reviewed. In addition, 
50 consecutive cases of benign nevus occurring in children ranging in 
age from i month to 12 years were included in the comparative study. 
Blue nevi (Jadassohn) and Mongolian spots were not included in this 
study since they form a recognizable entity usually easily segregated 
from malignant melanomas both in histologic appearance and in their 
generally benign clinical behavior. 

Hematoxylin and eosin preparations of all lesions were available 
for study; in some instances silver stains and Masson’s trichrome 
preparation also were used. 

Clinical Featuees 

In the group of childhood melanomas ■ (juvenile melanomas) there 
were 5 males and 8 females. Three were less than 2 years of age; 
one was 3 years of age; one, 5 years old; and the remaining 8 patients 
ranged in age from 8 to 12 years. The clinical appearance was varied: 
10 of the 13 patients had lesions under i cm. in diameter and only 3 
lesions were between i and 3 cm. In a few, the lesions were described 
as being smooth with sharply delimited edges, but in the majority they 
were verrucous with irregular margins (Figs, i to 4). All were ele- 
vated above the skin surface. The color was described as pink to red 
in 5 whereas 7 varied from brown to black. One lesion was said to 
have been subcutaneous. None was described as hairy. 

The lesions had been noted for the duration of life in 6 cases but 
were said to have existed for from 6 weeks to 4 years in 7 cases. Three 
of the patients were presented for treatment within i year of the first 
appearance of the lesion. There was a history of gradual increase in 
size in all cases except one in which there was rapid growth for 6 weeks 
only. 

Five of the lesions occurred on the face, one on the trunk, 2 on the 
upper extremity, and 5 on the lower extremity; only one of the latter 
category occurred on the sole. The parents of all these children stated 
that the lesions were in locations where they were frequently trauma- 
tized during the course of daily activities but none gave a history of 
frequent bleeding and none of the lesions was grossly ulcerated at the 
time of examination. Treatment consisted only of local surgical exci- 
sion in all cases; in one case a group of obviously metastatic nodes was 
later removed from the groin. 

All but one of the 13 children are alive and have shown no evidence 
of recurrence either locally or in drainage sites. They have been fol- 
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lowed clinically for periods up to 13 years. Only 2, both female, have 
been followed for as short a time as 3 years and both of these have now 
passed their menarche. The remaining 10 have been seen regularly for 
from s to 13 years; 6 of tliese have passed the age of puberty. 

One of the 13 cases had been clinically malignant and the child is 
dead. This one fatality occurred in a female child whose lesion was 
first noted at the age of 12 years; there had been no development of 
secondary sex characteristics and she had not menstruated. This lesion 
occurred on the sole of the foot but was not described as involving the 
skin. After rapid growth over a period of 6 weeks, a soft white tumor, 
2 cm. in diameter, was resected from the plantar fascia. One month 
after the initial excision there was a bulky local recurrence, thrombosis 
of the femoral vein, and metastasis to inguinal lymph nodes. Within 
4 months the child was dead of generalized metastases. 

Histologic Features 

The epidermis was present in the sections studied in 12 of the 13 
cases and was in all instances altered in a characteristic manner. Fre- 
quently there was hyperkeratosis and occasionally patchy parakera- 
tosis. The epidermis immediately over the bulk of the tumor often 
was acanthotic and showed spongiosis, sometimes to so marked a 
degree that small intra-epidermal vesicles were present. There was 
superficial ulceration of the epidermis of 2 of the lesions; neither of 
these was malignant clinically. The rete pegs in 7 of the lesions were 
irregularly elongated and extended rather deep into the dermal tumor. 

The most distinctive feature of the epidermal change was found 
in the basal layer, which was not uniformly palisaded as in the normal 
skin. The continuity of the basal layer was interrupted by scattered 
cells or groups of cells which were irregularly enlarged and distended 
by uniform fine brown granules. Similar isolated cells also were occa- 
sionally scattered irregularly in the acanthotic malpighian layer. These 
enlarged pigmented cells often were increased twice or more in size 
over normal basal cells ; the nuclei were of varied size but were mainly 
large and vesicular. There was a loss of cohesion between these altered 
cells and the adjacent cells of the epidermis. This change, often re- 
ferred to as the junctional or dermo-epidermal change, occurred dif- 
fusely over the entire surface of the tumor, but often there was added 
to the diffuse change a more distinctive alteration in which islands of 
large pigmented cells formed bulbous knobs and pegs which extended 
down into the dermis (Figs. 5 and 6). In places, the extensions from 
the epidermis seemed to be bounded by an intact basement membrane. 
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but in all lesions it was possible to trace direct continuity between 
them and the cells forming the dermal portion of the tumor. 

Nine of the 13 cases presented a Jiistologic appearance which in most 
respects was indistinguishable from the adult type of malignant mela- 
noma. In 3 of these the lesions were relatively superficial and had 
infiltrated only to the level of the mid-dermis; in 6 there was infiltra- 
tion through the entire dermis. The structure varied not only in the 
different lesions but also in any one lesion. The large cells distended 
with fine pigment, described in the epidermis, formed long projections 
into the dermis. These cells at times assumed a definite spindle shape 
in the infiltrating portion of the tumor. In several there were compact 
clusters of spindle cells, but this structure was predominant in only 
one case of this series, that is, the one fatal case. In the remainder, 
spindle cells were interspersed among large acidophilic cells which more 
often formed the bulk of the tumor. These cells were varied in size 
but were always large, rounded or polygonal, with vesicular nuclei and 
large acidophilic nucleoli (Fig. 5). There was either alveolar or peri- 
vascular arrangement of the cells. 

In one feature alone some of these lesions were distinctly different 
from the malignant melanoma of adults. In 8 of the 9 cases just de- 
scribed, giant cells were present both in the epidermal and dermal 
portion of the tumor (Figs. 7 and 8). In 5 cases there were small to 
moderate numbers of these cells, but in 3 cases giant cells were present 
in such large numbers as to constitute the most outstanding feature 
of the lesion. These giant cells were totally unlike those formed by 
fused nuclei seen so commonly in the benign nevus. They were most 
prominent in the basal layer of the epidermis or in the superficial part 
of the dermal tumor and were either multinuclear or mononuclear. In 
the multinucleate cells the number of nuclei varied from four to six; 
generally they were in peripheral arrangement but occasionally were 
clumped in the center of the cells. The cytoplasm was acidophilic and 
sometimes granular. Pigment was seldom seen in the giant cells but 
commonly they contained vacuoles suggesting fat. Most of the giant 
cells were round or oval but often there were stellate cytoplasmic proc- 
esses, particularly in those connected with the epidermis (Fig. 8). 
Silver stains have failed to show argyrophilic processes on these or 
other cells of the tumor; nor do trichrome stains indicate that they 
have origin in muscle. 

In 3 cases, the dermal portion of the tumor was composed entirely 
of spindle cells, different principally from those described above in 
the large cytoplasmic content of the cells and the rather orderly inter- 
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lacing bundles of cells (Fig. 9). This structure bore strong resemblance 
to epidermoid carcinoma, particularly of the spindle cell type. The 
junctional change so constant a feature of the entire series also was 
present in this part of the group. 

One case was especially different from the other 12. A lo-year-old 
boy had a black lesion on the lip, present since birth. He has been 
followed for 7 years and there has been no recurrence. This lesion had 
essentially the structure of a simple benign intradermal nevus with 
clusters and strands of cells extending into the subcutaneous fat. The 
distinctive feature was the almost uniform enlargement of each cell 
to a diameter three or four times that of an ordinary nevus cell. The 
increase in size was primarily in the amount of cytoplasm, which was 
peppered with fine melanin granules. The nuclei also were enlarged 
and hyperchromatic, but irregularly so. There were acidophilic nu- 
clear inclusions which far outnumbered those in other lesions of this 
series. At the periphery of only three other lesions of this series were 
there cords and nests of small round tumor cells. 

Mitotic figures were not prominent in any of these lesions but occa- 
sionally could be identified without any great difficulty both in the epi- 
dermal and dermal portions of the tumors. 

Pigment was present in all of the lesions but only 3 were heavily 
pigmented. Melanin was far more prominent in the enlarged cells at 
the dermo-epidermal junction than in the other portions of the tumor 
but was present also in scattered tumor cells of the dermis, in the 
malpighian layer of the epidermis, in the parakeratotic scales and vesi- 
cles, and in the dermal chromatophores (Fig. 6). The differences in 
color noted clinically could not be correlated with differences in pig- 
ment content. Actually 2 of the most pigmented lesions were clinically 
red. The color variations were most easily accounted for on the basis 
of the vascularity of the tumor; that is, those that were red showed 
greater vascularity rather than less pigment. 

The cutaneous appendages often remained intact in the tumor. The 
basal layer of the hair follicles participated in the junctional change 
which occurred in the epidermis, but to a lesser degree. The sebaceous 
and sweat glands were not altered except by distortion due probably 
to pressure of the surrounding tumor. 

Associated with juvenile melanomas were inflammatory changes con- 
sisting in a few cases simply of a sparse infiltrate of lymphocytes and 
plasma cells at the periphery of the lesion. In other lesions the infil- 
trate was more intense and involved the tumor itself as well as the 
tissues surrounding the tumor. In 2 cases in which vesiculation and 
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ulceration of the epidermis were noted there were also polymorphonu- 
clear neutrophils and eosinophils in the infiltrate. 

In most of the tumors there was diffuse edema involving not only 
the epidermis but also the dermis, particularly the papillary layer. In 
places there seemed to be an almost complete dissolution of the basal 
layer and the tumor cells appeared to be floating in the edema fluid 
of the dermis. The capillaries of the papillary layer were dilated and 
engorged. The lymphatics of the dermis were also dilated, particularly 
at the dermo-epidermal junction. 

Differentiation of Juvenile Melanoma from Benign Nevus 

of Childhood 

The histologic sections of 50 unselected benign nevi of children were 
studied for purposes of comparison with juvenile melanoma. These 
nevi were removed chiefly for cosmetic reasons from children ranging 
from I month to 12 years of age, occurred in the skin in almost all 
regions of the body, and ranged from very small macules to large 
lesions that covered almost the entire trunk. All of these children are 
alive and none has shown recurrence over periods up to 7 years. 

The ratio of incidence of juvenile melanoma and of the ordinary 
benign nevi of childhood is difficult to determine inasmuch as usually 
only the nevi of unusual clinical appearance are removed. However, 
an approximation of the relative incidence may be gathered from the 
fact that over a period of about 6 years 100 pigmented nevi of chil- 
dren were removed surgically; of these there were 8 juvenile melano- 
mas, or a ratio of 1:12. 

In contrast to the pleomorphic structure encountered in the group 
of juvenile melanomas, the benign nevi of childhood were monotonously 
alike, in most instances, in their histologic structure. The epidermis 
covering the nevus was generally thin but showed segments of acan- 
thosis. There was increased pigmentation in all layers but the pigment 
was most concentrated in the basal layer. In 49 of the 50 lesions (98 
per cent) there were scattered, somewhat enlarged, pigmented cells 
in the basal layer singly as well as in nests (Fig. 10) which extended 
into the dermis. The projecting nests were sometimes still bounded by 
a compressed rim of basal cells. One of the 50 lesions showed no altera- 
tion of the epidermis overlying the nevus. 

As a rule, the benign nevus of children was far more cellular than 
the ordinary nevus of adults. The upper segments of the nevus were 
crowded with closely packed pigmented nevus cells which were of 
uniform size and shape; in the lower segments of the tumor there was 
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gradual diminution in the amount of pigment and in the size and num- 
ber of cells, as well as increase in fibrous tissue. The deeper segments 
of the benign nevus in children were often composed of delicate strands 
of small nonpigmented cells surrounded by large collagenous bands. It 
also was noted that the structures resembling Meissner’s corpuscles 
(lames foliacees), so commonly found in adult nevi, were practically 
absent in this series. 

There are, then, definite cellular features of distinction between the 
juvenile melanoma and the ordinary benign nevus of children: (i) The - 
pleomorphic structure of the juvenile melanoma is in contrast to the 
monotonous structure of the benign nevus of children; (2) In juvenile 
melanoma there are bizarre mononuclear or multinuclear giant cells 
totally unlike those formed by fused nuclei in the benign nevus; 
(3) The junctional change so prominent in the benign nevus is com- 
prised of cells which are uniform, small, and closely packed whereas 
in the juvenile melanoma these cells are pleomorphic, larger, and form 
looser projections in the dermis; (4) Mitotic figures, occasionally seen 
in the juvenile melanoma, are rare in the ordinary nevus. 

While the details of the problems of the morphogenesis of nevi are 
beyond the scope of this paper, certain features of differentiation be- 
tween benign nevi of children and the corresponding lesion of adults 
are worth noting. There appears to be a remarkable difference in the 
incidence of junctional change in the nevi of the two age groups. This 
alteration was present in 98 per cent of the children included in this 
study and is in contrast to the reports of Allen^ of 12 per cent and of 
Montgomery and Kernohan “ of 2 5 per cent in their studies of adults. 
The pronounced cellularity in the nevi of childhood has led to the 
erroneous diagnosis of malignant melanoma just as the cellularity of 
hemangiomas of infancy has led to the diagnosis of angiosarcoma by 
those not familiar with the natural evolution of these lesions. 

Diffeventiation of Juvenile Melanofnas jyom Adult Melanowcis 

In view of the radical contrast in behavior between juvenile and 
adult melanomas, it seemed of interest to determine the life history 
and possible histologic variations of melanomas occurring in an inter- 
mediate age group. Accordingly, a series of 17 melanomas occurring 
in patients ranging in age from 14 to 19 years was used for comparative 
study. In this group there were 5 males and 12 females. Three of the 
lesions occured on the face or neck; 5 on the trunk; 2 on the upper 
extremity, and 7 on the lower extremity (none on the sole) . There was 
a history in all that the lesions had been growing for from i to 2 years 
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before local excision; some of these lesions had been present for a 
lifetime. All of the female patients had undergone menarche from 3 
months to 4 years before the removal of the tumor. In several of the 
females there was a definite history that the pigmented cutaneous 
lesion had increased two to three times in size since the onset of men- 
struation which had occurred only 3 to 4 months prior to the removal 
of the tumor. 

In the group of 13 “juvenile melanomas,” only one patient is dead 
(7.7 per cent) whereas in a similar group of melanomas of 17 young 
adults, 12 are dead (71 per cent), the fatalities having occurred within 
6 to 18 months after the initial diagnosis. An analysis of the 5 living 
patients reveals one with metastasis that has survived for 4 years. Four 
(23.5 per cent) have survived for periods of 5, 9, ii, and 17 years, 
respectively. The average 5-year survival for adults of all ages, as 
determined recently in a series of 595 cases,^ is 9.7 per cent. There is 
at least a suggestion in these figures, obviously in need of confirma- 
tion by a larger series, that perhaps melanomas occurring even in an 
intermediate age group carry a more favorable prognosis than those 
occurring at a later age. 

In the fatal cases, ranging from 14 to 19 years, the variations in 
structure were so great that it was not considered possible to correlate 
prognosis with histologic appearance. However, several features of 
this group bear noting. In only one of the adults (Fig. ii) were there 
giant cells of the type that were identified in approximately one-half 
the group of juvenile melanomas. This patient has now survived for 5 
years. Similar cells have been noted occasionally in adult nevi (not 
included in this study) . 

Although there was some tendency toward less pigmentation in the 
juvenile melanomas, this feature was too inconstant to be of diagnostic 
or prognostic significance. Mitotic figures were more numerous in the 
melanomas of the intermediate age group but they were present suffi- 
ciently often in the juvenile melanomas to make this latter lesion a 
definite exception to the rule that mitotic figures in nevi are evidence 
of malignant melanoma. 

A generally appreciated feature that was again demonstrated was 
the lack of correlation between the depth of the local cutaneous infil- 
tration of the lesions and the ultimate outcome. The lesions in several 
of the fatal cases of young adults were extremely superficial and some 
had a qualitative histologic appearance far less malignant than many 
of the nonfatal juvenile melanomas. 
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In general, it was concluded that differentiation histologically be- 
tween the juvenile and adult melanomas could not be made with cer- 
tainty in most cases. The one feature, found in almost one-half the 
cases of juvenile melanoma, that seemed to permit a histologic distinc- 
tion from adult melanoma, was the presence of giant cells (Figs. 7 
and 8). In view of the survival of patients having this type of tumor, 
these have been regarded as an indication that the lesion is benign. 
This is so despite the fact that, except for the giant cells, such lesions 
have all the histologic criteria for the diagnosis of malignant melanoma. 

Incidence of Melanomas in Childhood 

Contrary to the general impression of the frequency of occurrence 
of malignant melanoma in children, a review of the recent medical 
literature reveals very few reports substantiated either histologically 
or by fatal outcome. Wells ^ stated that “Although pigmented moles 
are frequently present at birth, they rarely become malignant before 
birth or even in infancy.” He accepted only the case of Coe ® as a true 
congenital melanoma; this lesion occurred on the scalp of a newborn 
infant, grew rapidly, metastasized to nodes, and caused death in 4 
months. Milian, Perin, and Brunei® reported an instance of melanoma 
occurring in the parietotemporal region of the male, 12 years of age, but 
neither photomicrographic evidence nor follow-up data are presented 
as corroboration of the diagnosis. The case of Perin and Blaire,’'^ occur- 
ing on the cheek of a child, 3 years of age, appears histologically to 
have been melanoma but the child died of bronchopneumonia follow- 
ing whooping cough 7 months after the initial excision of the lesion so 
that clinical evidence of its malignant course is lacking. 

Sweet and Connerty® have reported a bulky tumor replacing the 
genitalia in an infant that also had a bathing trunk nevus; this child 
died shortly after birth and had hepatic and pontine metastases. The 
pontine lesion was heavily pigmented and the authors felt that the 
logical diagnosis was probably malignant melanoma. The recent report 
of Russo ® in which osseous metastases are described in 2 children, 5 
weeks and 3 years of age, is not substantiated by photographic proof 
of the diagnosis, and the possibility comes to mind that these 2 cases 
might represent neuroblastomas rather than melanomas. The lesion 
in his third case, occurring in a Negro female, 5 years old, might well 
be a melanoma but this child has been well for 3 years after the 
excision of the tumor. 

Webster, Stevenson, and Stout, however, mentioned 10 cases of 
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histologic melanoma which occurred in children under the age of lo 
years. Only 2 cases are detailed specifically in their paper but neither 
is recorded as having been fatal. The outcome of the other cases is 
not stated but the authors do mention that lesions in children giving 
the histologic appearance of malignant melanoma rarely metastasize. 

Callender, Wilder, and Ash,^^ in a review of 1600 ocular melanomas, 
recorded only 2 instances in patients from o to 9 years and 13 from 
10 to 19 years. Although their follow-up data are admittedly incom- 
plete, the youngest patient to die in their series was 19 years of age. 

In the current study, the histologic diagnosis of juvenUe melanoma 
has been made in 13 cases while only one of these has been clinically 
malignant. This one fatal case, occurring in a 12 -year-old girl, was 
distinctly different histologically as well as clinically from the group 
as a whole. The tumor was composed entirely of nonpigmented spindle 
cells and involved primarily the plantar fascia (Fig. 12). Unfortu- 
nately, a section of overljdng skin was not submitted with the primary 
tumor, but the metastatic lesions in inguinal lymph nodes were of the 
pleomorphic structure generally encountered in melanomas. 

A case which was both clinically and histologically malignant re- 
cently was submitted to this laboratory by Dr. Bjarne Pearson of the 
Department of Pathology of the University of Vermont. This lesion 
occurred in a 9-year-old female child who was normally developed 
and showed no precocious sexual features. The pigmented lesion on 
the knee was only 4 mm. in diameter at the time of removal and, while 
it had been present for several years, growth had occurred over a 
period of only a few weeks. The cells of the primary lesion in this 
instance contained large, irregular, hyperchromatic nuclei with promi- 
nent vacuoles and acidophilic inclusions which would justify the diag- 
nosis of malignant melanoma, regardless of the age (Fig. 13). Bilat- 
erally, the inguinal nodes showed a few clusters of metastatic cells in 
the peripheral sinuses. Although the follow-up in this child has been 
Qjjy for a period of 6 months and it is not possible to predict the out-, 
come, it has been noted that generalized dissemination of the tumor 
has become evident in the fatal cases of young adults and in the one 
fatal case among the children within a very short time after the diag- 
nosis has been made. It seems possible, however, that in some cases 
metastases to regional nodes in children need not always indicate a 
fatal termination. This peculiarity of melanomas in children would 
seem to be indicated by the case included in the report of Webster, 
Stevenson, and Stout^«; this child, 8 years old, after local excision of 
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a black lesion on the shoulder and subsequent metastases both to skin 
and cervical lymph nodes which were resected, had survived at least 
12 years without further recurrence. 

Factors Influencing Clinical Behavior of Juvenile 

Melanomas 

Inasmuch as there is a lack of constant morphologic evidence with 
which to explain the usually benign clinical behavior of histologically 
malignant melanoma occurring in childhood, an explanation based on 
sex-linked hormonal control would seem logically feasible. The peak 
of incidence of malignant melanoma occurs between the age of 40 and 
60 years. Despite the fact that both cutaneous and ocular melanomas 
are relatively uncommon in younger age groups, there is too sharp 
a rise in mortality once the age of puberty is passed to be attributable 
to a general increase in incidence of cancer with age. 

There is, moreover, in our experience, frequent recurrence of the 
clinical information that the growth of pre-existing nevi is greatly ac- 
celerated at the time of, or shortly after, puberty. At times these cases 
win foUow a rapidly fatal course out of all proportion to the morpho- 
logic appearance of the lesion (Fig. 14). Two cases of malignant mela- 
noma'’*® have been reported in the newborn in which ante-natal 
metastases have occurred; a variety of hormonal influences exist dur- 
ing this period which do not ordinarily obtain thereafter. There is"^ 
some evidence that even though metastasis may occur in child- / 
hood, an inhibitory factor may exist before puberty to hinder either/ 
further dissemination or reception of metastatic cells by the viscera./ 
Presumptive though this evidence may be, an intensive investigation 
of the possible influence of sex-linked hormonal alterations on the 
activation of melanoma seems mandatory. 

Summary and Conclusions 

Of 13 cases of juvenile melanoma in this series, only one (7.7 per 
cent) has had a clinically malignant and fatal course despite the simi- 
larity of the juvenile lesions to the malignant melanoma of adults. 

The juvenile melanoma may be distinguished histologically from 
adult melanoma in about one-half the cases by the presence of giant 
cells in the former which seldom occur in the latter. 

There is a precipitous rise in the capacity of melanomas to metasta- 
size after puberty despite the histologic similarity to the usually non- 
metastasizing juvenile melanoma. 
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The possible influence of sex-linked hormonal activation of the 
growth capacity of melanomas at the age of puberty seems a logical 
conclusion. 

Accordingly, since metastases from juvenile melanomas occur only 
rarely, conservative surgery, rather than the radical ■ surgery usually 
indicated for adult melanomas, seems justified. 
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DESCRIPTION OF PLATES 


Plate 107 

Fig, I. Male, 20 months of age. Smooth red lesion on cheek 'present since birth. 
Fig. 2. Female, 20 months old. Smooth black lesion on lip noted for 2 months. 
Fig. 3. Male, 5 years old. Verrucous brown lesion on chest present for 6 weeks. 
Fig. 4. Female, 4 years of age. Rough black lesion on cheek noted for i year. 






Plate ioS 


Fig. 5. Junctional alteration overlying juvenile melanoma formed by large pleo- 
morphic acidophilic cells. Hematoxylin and eosin stain. X 220. 

Fig. 6. Heavily pigmented tumor on the thigh of an ii-year-old female, showing 
junctional alteration and pleomorphic infiltrating tumor. Hematox>din and 
eosin stain. X 180. 
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Plate log 

Fig. 7. Giant cells at dermo-epidermal junction and upper dermis. Hemato.xylin 
and eosin stain. X 550. 

Fig. 8. Giant cells in the infiltrating portion of a juvenile melanoma. Hemato.\ylin 
and eosin stain. X 550. 

Fig. 9. Predominantly spindle cell tumor in a male, 20 months old. (From the 
same case as Fig. i.) Hematoxylin and eosin stain. X 180. 

Fig. ic. Benign nevus in a child. 9 months of age. Hematoxylin and eosin stain. 
X I So. 
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Melanomas of Childhood 


Plate no 

Fig. II. Persistent giant cells in a melanoma of a female, 17 years old. Survival 
now 5 years. Hematoxylin and eosin stain. X 220. 

Fig. 12. Spindle cell structure in a fatal case of juvenile melanoma (female, 12 
years old; death 4 months after local excision). Hemato.xylin and eosin stain. 
X 180. 

Fig. 13. Pleomorphic structure of a clinically malignant juvenile melanoma (case 
of Dr. Bjarne Pearson). Epidermis in this field has been destroyed by cautery. 
Hematoxylin and eosin stain. X 180. 

Fig. 14. Rapidly fatal malignant melanoma in a male, 14 years of age. Hema- 
toxylin and eosin stain. X 160. 
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THE LESIONS OF SCHISTOSOMIASIS JAPONICA * 

Mark M. Bracken, M.D., William: R. Bailey, Jr., M.D., and 
Henry M. Thomas, Jr., MXi, 

{From the Departments oj Pathology and Medicine, University of Pittsburgh School of 
Medicine, the Pathological Laboratories, Mercy Hospital, Pittsburgh, Pa., and the Depart- 
ment of Medicine, Johns Hopkins University Medical School and Hospital, 

Baltimore, Md.) 

During the early days of the occupation of the Philippine Islands 
in October and November, 1944, some of the American troops were 
unavoidably exposed to water infested with Schistosoma japonicum. 
The clinical picture of acute schistosomiasis japonica in this epidemic 
has been discussed by Thomas and Gage,^ Billings et al.,^ Winken- 
werder et al.^ Tillman,^ and others. Description of the lesions of the 
acute stage has heretofore been lacking, except for depiction of human 
material by Ash and Spitz,'’ and experimental observations in animals 
infested with Schistosoma reported by Fairley,** Hoeppli,’’' and Kop- 
pisch.® Although death rarely occurs in the acute stage of schistosomi- 
asis japonica, three of the soldiers exposed in the Philippine Islands 
died and were autopsied at overseas United States Army hospitals.® 
Unfortunately, because of the local situation of the hospitals perform- 
ing the post-mortem examinations, gross specimens were not preserved. 
Consequently, the complete picture in some of the organs is not avail- 
able. In addition to material from the three cases studied at autopsy, 
tissue was secured for biopsy from acute lesions in the rectum, liver, 
and skin from other patients. Still later and unexpectedly, opportunity 
was afforded to secure material obtained for biopsy from cerebral 
lesions in American Army personnel who had returned to the United 
States. The older lesions of the disease, seen in three Filipinos who 
died in American Army hospitals following gunshot wounds, are in- 
cluded for comparison.f 

The life history of S', japonicum has been described by Craig and 
Faust and more recently by Faust. The ova are passed in the 
feces of infected man or domesticated animals and, on reaching fresh 
water, hatch within a few hours. The liberated miracidia penetrate 
the snail host {Oficomelania quadrasi in Leyte, P.I.) where first and 

♦Presented at the Forty-Fourth Annual Meeting of The American AssociaUon of 
Pathologists and Bacteriologists. Chicago, May 17, 1947- 
Received for publication, June 2, 1947- 

t In preparation of this paper, the following cases were studied; Army Institute of 
Pathology accession nos. 132699, 136056, 127286, 123276, 131466, 158928, I409i4> 

142999, 169042, 146469, 151096, 166305, 152989, 141886, 141575. 153128, 163485, 153127, 
167247, 135996, 138331, 142999, 158928. Other aspects of nos. 141886, 141575, 138331, 
and 142999 have been reported by other authors elsewhere. 
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second generation sporocysts develop. After about 8 weeks cercariae 
emerge in great numbers. These adhere to the skin of man or animals 
at the level of the water surface and, as the skin dries, they burrow 
through the epidermis in the course of 8 to lo minutes and enter a 
l5miphatic vessel or venule. In this stage these larvae shed their tails 
and are known as metacercariae or schistosomulae. After traversing 
the systemic circulation for a few days, they collect in the small hepatic 
radicles of the portal veins where they mature in 4 weeks, mate, and 
for the next 5 to 15 years move around as pairs of adult flukes in the 
mesenteric veins, with the females depositing eggs in the smaller 
venules of the large and small intestine and appendix. A large number 
of ova are swept by the blood stream into the liver and a smaller 
number by way of the inferior vena cava to the lungs. 

Ova also find their way to many other localities in the body. In the 
acute cases in this series, ova have been found in the mesenteric l3miph 
nodes, skin, brain, meninges, and adrenal medulla. Ova have been 
demonstrated also in the late cases in retroperitoneal tissues, kidney, 
cerebellum, and medulla oblongata. In addition, lesions identical to 
those in which ova were demonstrated but in which the eggs were ab- 
sent from the sections examined were present in the myocardium. 

Although the lesions may vary depending on the structure of the 
tissue or organ involved, their similarity is to be emphasized. The 
early lesions are usually miliary, appearing as yellowish white, caseous 
nodules measuring from 0.5 to 10 mm. in diameter. Microscopically, 
in some of the lesions there is a necrotic zone around viable ova, as is 
shown in a section of a mesenteric lymph node (Fig. i). This necrotic 
zone is surrounded by eosinophilic leukocytes and fewer neutrophilic 
leukocytes. The slightly older lesions present central ova, either viable 
or degenerated, with varying degrees of distortion and calcification, 
and surrounding epithelioid cells and fibroblastic proliferation in a 
richly vascular zone. Figure 2 demonstrates this stage in a lesion in 
the liver. Eosinophilic leukocytes decrease in number as the lesion 
progresses in age, and lymphocytes then predominate. Frequently the 
ovum is partially or completely surrounded by multinucleated giant 
cells. The latter are usually of the foreign body type, but they may 
have the appearance of giant cells of the Langhans’ type, as seen in 
the brain in Figure 3. 

The earliest lesions may coalesce to form large, irregular areas of 
necrosis in which are scattered the schistosome ova. This coalescent 
lesion is seen most often in the brain (Fig. 4), but it has been encoun- 
tered also in the mesenteric lymph nodes. Frequently the early lesions 
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m the intestinal wall and liver assume the form of small abscesses con- 
aming the ova. It is not uncommon to find more than one ovum, even 
as many as ten, at tlie center of a lesion in the liver, mesenteric lymph 
nodes, or retroperitoneal connective tissue. 

The only frequent reaction noted in the walls of blood vessels has 
een endothelial swelling in the capillaries, which may markedly nar- 
row the lumina of the vessels. In the older lesions, perivascular cuffing 
y ymphocytes has been seen in the brain and liver. No lesion of the 
periarteritis nodosa type was seen in any of the cases. 

Although the lesions produced by the ova of S. jcLponicum run a 
airy characteristic course, they may vary depending on the organ 
mvo ved. Those in the intestine occurred most frequently in the large 
owel, but they were found also in the ileum in one early case, and in 
the ileum and duodenum in a late case. Johnson and Berry have 
reported on the sigmoidoscopic picture in early cases. The miliary 
deposits of ova in the rectal mucosa gave the surface a coarsely granu- 
nr appearance. Slight visible mucosal congestion occurred, but no 
ucerations were seen by these investigators. Biopsies of the rectal 
w I in two patients in the early stages revealed ova in the mucosa 
3^nd submucosa. In the biopsy of such a lesion the viable ova incite 
3- granulomatous reaction (Fig. 5). A central necrotic zone may sur- 
round the ova, epithelioid cells are present, and the peripheral cellular 
reaction consists almost entirely of eosinophilic leukocytes. In the later 
cases the lesions in the intestine show a moderate amount of fibrosis, 
and the eosinophils are replaced by lymphocytes. One section of the 
duodenum of a late case demonstrated ova passing through the mucosal 
epithelium to enter the lumen of the bowel (Fig. 6). The appendix 
was involved in several cases and showed a reaction similar to that 
seen in the rest of the intestine. 

The lesions in the liver (Fig. 2) follow the pattern seen in the 
mtestine. However, as the disease progresses, the compact fibrosis 
which is so characteristic of the later stages spreads along the portal 
radicles to produce the picture of “pipestem” cirrhosis described by 
Stitt in his textbook on tropical diseases.- In the early stages, endo- 
thelial swelling has been seen in the central veins of the lobules, and 
portal thrombosis was noted only in one case. Late cases showed hemo- 
siderin-like pigment in the Kupffer cells. 

The lesions in the lungs tend to remain discrete rather than to be- 
come confluent, and serial sections of late lesions showed that they 
remain as nodules rather than developing fibrosis along the course of 
the pulmonary vessels. However, the lung of one case in the acute 
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Stage showed an interstitial pneumonitis. Numerous eosinophils were 
present throughout the sections. A few ova were demonstrated in the 
sections of this lung. 

Mesenteric lymph nodes of acute cases revealed hyperplasia of the 
germinal centers of the follicles. The sinusoids were filled with 
lymphocytes, plasma cells, and a few eosinophilic leukocytes. In one 
acute case showing ova in the lymph nodes, the ova were engulfed by 
giant cells of the Langhans’ type and the surrounding tissue was ne- 
crotic. In advanced lesions the ova were present in the center of dense 
fibrous tissue nodules. Pigment similar to that seen in the liver was 
present in a relatively small number of reticulo-endothelial cells in the 
late cases. 

Although the intestine, liver, and lungs are the most frequent sites 
of involvement, other organs may be involved as has been noted previ- 
ously. Several patients who had returned to the United States were 
later operated upon because of various symptoms of disease of the 
central nervous S5^tem, and biopsy of the cerebral lesions revealed ova 
of S. japonicum. Vitug et al.^^ Carroll,^'"’ Tillman,^ and others have 
reported on the cerebral involvement in this disease. In these diffuse 
lesions a soggy cortex and medulla were produced. Small discrete 
lesions frequently were not recognizable grossly. Microscopically, ne- 
crosis was widespread (Fig. 4). Eosinophils were present in moderate 
numbers, but small round cells, including both l3rmphocytes and plasma 
cells, sometimes predominated at the periphery of the necrotic zone. 
Swelling of the capillary endothelium in the region of the lesions was a 
fairly constant finding. Perivascular cuffing by lymphocytes occurred 
in the late cases. The acute and advanced lesions otherwise resemble 
the classical “pseudotubercle” seen in other organs. In the relatively 
early cases ova have been found in the cerebral medulla of the tem- 
poral lobe, middle and posterior superior temporal gyri, parietal lobe, 
and right occipital lobe. Examination of a late case disclosed ova in 
the medulla and in the cerebellar cortex. 

Biopsy of a nodule in the skin of the abdominal wall, one of a chain 
of such nodules following the course of an intercostal blood vessel 
(described by Fishbon revealed the acute lesion of schistosomiasis 
japonica, with a centrally placed ovum. An arteriole in the section 
showed focal endothelial swelling. The vessel was surrounded by 
hemorrhage. 

A very extensive myomalacia cordis was present in the left ventricle 
in one acute case of schistosomiasis. Fibrinous pericarditis overlaid 
the involved myocardium and there was a large mural thrombus. Sec- 
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tions showed widespread necrosis and degeneration of myocardial 
fibers. There was marked fibroblastic proliferation and cellular infil- 
tration of plasma cells and lymphocytes, with fewer neutrophilic and 
eosinophilic leukocytes. Arterioles and venules in the degenerated area 
presented hyalinoid necrosis without cellular infiltration of their walls. 
There was early organization of the inflamed pericardium. The mural 
thrombus contained many leukocytes of which the greater number 
were eosinophils, but was without organization. The cause of the in- 
farction was not apparent, for ova were not demonstrated in the heart 
or pericardium. The coronary blood vessels were not available for fur- 
ther study. In a late case showing myocardial involvement, the lesion 
was localized to a small area heavily infiltrated by lymphocytes. At 
the center of the lesion there was a foreign body giant cell. The ovum 

which undoubtedly produced the lesion was not seen in the several 
sections examined. 

One of the acute cases disclosed ova in the adrenal medulla. An 
eosinophilic cellular infiltration surrounded them. 

A late case presented a focal area of necrosis in the pituitary gland, 
but ova and cellular reaction were absent. 

The genitourinary system showed nothing of note in the acute cases. 
In one late case an ovum was found in the afferent arteriole of a 
glomerulus. Slight lymphoc5dic cellular infiltration had occurred around 
this glomerulus. 

Passive congestion and slight enlargement were the only notable 
findings in the spleen in the acute cases. In the late cases pigment 
similar to that seen in the Kupffer cells in the liver appeared in the 
reticulo-endothelial cells. Of the three late cases the largest spleen 
weighed 340 gm. and the smallest, 135 gm. 

Extreme fibrosis of retroperitoneal tissues was present in one late 
case, a female with unilateral edema in the left leg. Ova of 5 . japonicunt 
were present singly and in clusters in the fibrous tissue. The latter 
was relatively vascular and lightly infiltrated by l5miphoc5des. 

Summary 

In tracing the lesions of schistosomiasis japonica from the early to 
the advanced stages, the disease in man is seen to bear a marked simi- 
larity to the lesions of schistosomiasis produced experimentally in ani- 
mals. The general appearance of the lesion varies somewhat, depend- 
ing on the organ involved, but as a rule it follows a fairly uniform 
course. When the ovum enters the tissues an extensive cellular reac- 
tion occurs, and this consists chiefly of eosinophilic leukocytes, with 
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fewer neutrophilic leukocytes. In some of the lesions necrosis of tissue 
occurs in a fairly wide zone around the ovum. Epithelioid cells appear 
and multinucleated giant cells engulf the ovum. The inflammatory 
cellular response changes to one in which lymphocytes and plasma cells 
are most numerous. Fibroblastic and capillary proliferation begin early 
in the peripheral zone, and, as the lesion advances in age, fibrosis pre- 
dominates. The oldest lesions consist of shrunken, calcified ova sur- 
rounded by more or less dense fibrous tissue, with moderate l3mipho- 
cytic cellular infiltration. In this pathologic picture of the disease the 
early lesions represent an unusual and characteristic reaction to the 
viable ovum with necrosis and eosinophils, and the later lesions repre- 
sent a foreign body reaction. 


We gratefully acknowledge the cooperation of the Army Institute of Pathology 
which furnished much of the material for examination and permitted the use of 
the photomicrographs reproduced with this paper. 
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DESCRIPTION OF PLATES 


Plate hi 

Fig. I. Necrotic zone surrounding an ovum in a l3unpli node, X 145. (Army 
- Institute of Pathology negative no. 97398.) 

Fig. 2. Viable ovum, surrounded by necrosis and numerous eosinophils in the 
liver. X i 75 - (A.I.P. neg. 97396.) 
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Plate 112 

Fig, 3. Lesion in cerebral medulla, with one distorted ovum, multinucleated giant 
cells, epithelioid cells, and leukocytes. X 120. (A.I.P. neg. 93480.) 

Fig. 4. Coalescing lesions in the brain. X 20. (A.I.P. neg. 43469.) 
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Plate 113 

Fig. 5. Viable ova in rectal mucosa. X 210. (A.I.P. neg. 97389.) 

Fig. 6. Ova being e.xtruded into the lumen of the duodenum. X 145. (A.I.P 
neg. 97385-) 
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. THE SIGNIFICANCE OF LOCAL VASCULAR PHENOMENA IN THE 
■PRODUCTION OF ISCHEMIC NECROSIS IN SKELETAL MUSCLE* 

John W. Harman, M.B.t 

i. , (From the Department of Pathology, University of Wisconsin Medical School, 

Madison 6 , TFis.) 

The occurrence of a peculiar form of degeneration induced by ische- 
mia in skeletal muscle has been described in a previous publication.^ 
It was considered to be identical with Bowman’s discoid change, which 
consists of transverse fragmentation of skeletal muscle fibers into 
broad anisotropic disks. The degeneration is an invariable result of 
prolonged, unrelieved ischemia, and has been conclusively associated 
with the pathogenesis of ischemic necrosis of muscle by several observ- 
ers, both experimentally and clinically.^’® From experimental stud- 
ies it is apparent that the disks first appeared subsequent to unrelieved 
ischemia of 4 hours’ duration, and thereafter increased until they were 
nearly ubiquitous at 18 hours. Since all fibers so affected were non- 
viable,^ their rate of development was considered to be a satisfactory 
index of the rate of necrosis of the fibers. It was further found that 
release of the tourniquet after 4 hours of ischemia did not preclude 
extension of discoid degeneration, which was as considerable after 18 
hours as that associated with a similar period of unrelieved ischemia. 
Because of this observation it is apposite to inquire more extensively 
into the vascular phenomena associated with the pathogenesis of acute 
and chronic ischemic necrosis of skeletal muscle. Although occlusion 
of major vessels 'may initiate the process, other factors appear to oper- 
ate toward perpetuation of the ischemia when the external pressure 
is relieved. 

The role played by the vessels in the pathogenesis of ischemic ne- • 
crosis of skeletal muscle was first evaluated in the classical clinical 
descriptions by Volkmann^ and his pupil, Leser,^ who ascribed the 
necrosis of muscle to the ischemia induced by compression of the 
arteries with constrictive dressings. However, the steady accumula- 
tion of cases in which dressings could not be implicated unsettled this 
view, which was finally replaced by the hypothesis that necrosis was 
caused by venous obstruction due to a local hematoma,® an opinion 
'shared by Brooks' from experimental studies.’’^ This assumption re- 
mained undisturbed until it was clearly shown by Griffiths ® that the 
lesions caused by venous and arterial occlusion are distinct, and that 

* Received fori publication, June 13, 1947. 

t Dr. Denis J JoSey , Traveling Fellow in Physiology, University College, Dublin 
(National Universi*’'” of Ireland). 
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the former in no way resemble tliose of ischemic necrosis. On the basis 
of his experience with arterial embolism and direct trauma to arteries, 
he advanced the opinion that the ischemia was due to arterial spasm, 
a point of view supported by Barnes and Trueta ° and Leriche,^” so 
that culpability came to rest again upon the arteries. 

It is noteworthy, however, that no consideration had been given to 
the capillaries. Except for the work of Wertheimer, Dechaume, and 
Frieh,^^ who plugged the venules by retrograde injection of a gelatin 
mass, which is virtually capillary obstruction, no study of these vessels 
in relation to ischemic necrosis has been uncovered. Yet any assess- 
ment of the vascular phenomena peculiar to ischemia must take the 
intimate vasculature into consideration. This is particularly necessary 
in skeletal muscle because of the unique gradient of permeability in 
muscle capillaries and the consequences which disturbances of the 
gradient may produce in the tissue. 

Method 

Complete ischemia was produced in the right hind legs of albino 
male rabbits weighing 2,000 to 3,000 gm. The animals, which were 
permitted food and water freely, were first narcotized by an intra- 
peritoneal injection of 35 mg. of “veterinary” nembutal per kg., 
usually in a volume of 5 cc. Ischemia was then induced in the right 
hind leg by the application of tourniquets, such as were used for rats 
by LePage,^® or by the use of a tightly wound rubber band (Eberhard 
Faber no. 64), which was applied according to the method of Rosen- 
thal.^^ These were adjusted so as to encircle the thigh about 0.5 cm. 
proximal to the knee, because with higher obstruction the animals fre- 
quently died in shock. Complete arterial occlusion was confirmed by 
lack of swelling in the ischemic leg as well as by the failure of fluo- 
resite to pass distal to the tourniquet when it was injected intrave- 
nously in amounts as great as 5.0 cc., and the leg was inspected under 
an ultraviolet lamp screened to exclude all except light of 4,000 
Preference was -given to the rubber band method as a means of pro- 
ducing ischemia because of the instantaniety of application and release 
which it permitted. The obstruction was removed at the end of the 
period of ischemia. The great saphenous artery was sought by palpa- 
tion, and its pulsation identified before further procedures were insti- 
tuted. It could be rolled against the tibia and felt to pulsate vigorously. 

Histologic studies were made on formalin-fixed tissue, prepared as 
paraffin sections, cut to a thickness of 7 im , and stained with hematoxy- 
lin and eosin. Although a more extensive histologic analysis is in prep- 
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aration, the general histologic features of the diseased tissues will be 
described, in so far as they have a bearing upon the problem immedi- 
ately under investigation. 

Experimental Procedures 
hvoestigation of Large Arteries and Veins 

Angiography was carried out on animals subjected to ischemia for 
from 4 to hours with a release of obstruction for 3, 24, and 48 
hours thereafter. Each animal was anesthetized with nembutal and, 
when required, with ether. A laparotomy was performed and the 
abdominal aorta was dissected free of its surrounding tissue. With the 
animal under the x-ray apparatus, a 20 gauge needle was inserted into 
the vessel and thorotrast (Heyden Chemical Co., 24 to 26 per cent 
Th02 by volume) slowly injected without interference with blood flow. 
After 5.0 cc. had been injected, an exposure was made (factors 50 ma, 
50 mv, at 36 inches distance and for ^ second). When a further final 
5.0 cc. had been introduced, a second exposure was made, and a third 
made i minute subsequent to completion of the injection. In several 
animals sodium iodide, made up as a 20 per cent solution in isotonic 
sodium chloride, was used, but because of the violent muscle spasm, 
hyperpnea, and convulsions attendant upon its injection it was not used 
routinely. 

In a few animals a 20 per cent (by volume) solution of Higgins’ 
India ink was injected in a similar manner to that employed for thoro- 
trast, in amounts equivalent to 3.0 cc. per kg. The needle was held in 
the aorta so that blood flow was not impeded during infusion; thus 
the injections were comparable to those with thorotrast. Within a few 
minutes the animal was sacrificed and both extensor and flexor muscles 
excised from the ischemic and normal legs. Tissue from both groups 
was then fixed in 10 per cent formalin and subsequently cleared by 
the method of Spalteholz, to permit direct visualization of the injected 
vessels. 

Irrespective of the duration of the ischemia, it was possible immedi- 
ately after release of the tourniquet to palpate the pulse in the great 
saphenous artery. Subsequently, with the accumulation of edema fluid, 
it was often difficult to detect the pulse unless the fluid was well 
pressed aside digitally, when it was usually readily accessible. In the 
few instances when palpation was equivocal, the skin was reflected and 
pulsation determined by direct visualization. The angiographic studies 
in 10 instances (Table I) confirmed this patency, and are worthy of 
further interpretation. The first roentgenogram (Fig. i) is an example 
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of a first exposure, in which it is seen that not only were the arteries 
patent and well filled, but that those on the right were more dilated 
than the normal vessels. In Figure 2, which represents the second 
exposure, the veins had begun to fill on the normal side whereas those 
on the ischemic side were not visualized. In the third roentgenogram 
(Fig. 3) the venous filling on the left or normal side was less, and that 
on the right more apparent. This sequence was repeated in all 10 
cases. From this it may be inferred that the arteries and veins were 
patent, but that there was a slowing of the circulation in the smaller 
vessels of the tissues between the arteries and veins. There was no 
especial indication that the thorotrast passed through the muscles, for 


Table I 

Angiography (by Thorotrast) of Limb Ischemia (^^4 Hours) 


Number of 
experiments 

Interval between release ! 

of tourniquet and x-ray 

Radio-opacity of vessels 


Arteries 

Veins 

Pulse* 

5 

hours 

rVz-A 

+ 

+ 

+ 

3 

24 

+ 

+ 

+ 

2 

48 

+ 

+ 

+ 


* Pulse determined by palpation of great saphenous artery. 

Factors in roentgenography were: 50 kv, 50 ma, H second, and 36 inches. 


it might well have circumvented the muscles by shunting through the 
skin and subcutaneous tissue. However, in the India ink preparations 
(Fig. 4) particles were observed in the small intramuscular arteries, 
although the finer ramifications were not so conspicuous as in the 
contralateral normal muscles. The filling of these small vessels within 
the tissue indicates that the thorotrast may take a similar path, since 
its particles are comparable in size to those of the ink. 

Investigation of Penetration of Dye 

Bromphenol blue (tetrabromophenolsulfonphthalein) was the dye 
used in studies of the rate of penetration into, and elimination from, 
ischemic muscle of small, diffusible molecules. It was first used in 
biologic research by Rous and Drury in their investigations upon 
graded permeability of fine vessels in rabbit skin. They used a 4 per 
cent solution, but a 2 per cent solution was used here and inj^ected into 
the right ear vein in amounts equivalent to 3.0 cc. per kg. The animals 
so injected were divided into two groups. In one series the dye was 
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injected within 5 minutes of the release of the tourniquet. Animals 
were then selected at intervals of 54, 3, and 20 hours, anesthetized 
with nembutal, and the skin of both hind legs reflected so that direct 
inspection of the muscles was feasible. The intensities of impregnation 
of the dye in the ischemic and normal muscles were compared and 
classified as 0 to 4 plus. In the other group of animals injection of the 
dye was delayed for 20 hours, after which they were treated in a man- 
ner similar to those of the first group. In both groups, when the in- 

Table n 

Passage of Bromphenol Blue (2 Per Cent) through Muscles 


Immediate dye injecUon (s min.)* 


Ischemia 

Before observation 

Normal muscle 

Ischemic muscle 

hours 

hours 




3 ' 

0 

± 

2 

3% 

0 

0 


20 

0 

0 



3+ 

4 + 

3 

3 

0 

2 + 


20 

0 

0 



3+ 

4 + 

4 

’ 2 

0 

3 + 


20 

0 

1 + 

6 


0 

2+ 

i 

20 

0 

1+ 

8 

18 

0 

2+ 

1 

20 

0 

1+ 


♦ The dye was injected within s minutes after release of the obstruction. 


tensity of the dye was judged, the tibialis anticus and extensor digi- 
torum longus muscles were peeled off the anterior aspect of the leg as 
a group and the plantares muscles excised from the flexor mass. 

The injection of bromphenol blue (Table II) immediately subse- 
quent to release of the tourniquet was followed by a rapid intense 
staining of both normal and ischemic muscles, indicating lack of arte- 
rial occlusion and free penetration of dye regardless of the duration 
of ischemia. When an interval of '3 hours elapsed between the injec- 
tion of dye and the determination of intensity of staining, a distinct 
pattern of behavior became apparent. Dye was either eliminated en- 
tirely or was only scantily retained by muscles which were ischemic 
for 2 hours; when elimination was retarded, considerable dye was 
demonstrable in the plasma, indicating that excretion of dye by the 
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animal was not rapid. When ischemia had been of 3 or more hours’ 
duration, there was considerable retention of dye by the muscle even 
3 hours after injection. Consideration of the fate of the dye 20 hours 
after its infusion revealed that, with such a time interval, evidence 
of sluggish elimination was first manifest in muscles ischemic for 4 
hours. From these findings it may be seen that circulation through the 
muscle was extremely sluggish. It was impossible to determine whether 

Table III 

Passage of Bromphenol Blue (2 Per Cent) through Muscles 


Delayed dye injection (so hr.)* 


Ischemia 

Before observation 

Normal muscle 

• Ischemic muscle 

^ours t 

hours 





2 + 

3+ 

2 

3 

0 

± 


20 

0 

0 


u 

3+ 

3+ 

3 

3 1 

± 

1 + 


20 

0 

0 


K 

3+ 1 

0 

4 

3 

0 

2 + 


26 

0 

± 



3+ 

1 ® 

6 

4 

0 

2 + 


20 

0 

± 


n 

3+ 

0 

8 

, I 

3+ 

0 


zy 2 

± 

2 + 


♦ Dye was injected 20 hours subsequent to release of the obstruction. 


this slow intramuscular circulation was due to impairment of flow 
within the muscle or to deviation of blood to other structures; the fact 
that the dye was eliminated from the skin more rapidly than from 
muscle would appear to favor the latter view, whereas it might signify 
merely a relatively greater resistance of skin vessels to ischemia as 
compared with muscle vessels. 

When the injection of dye was deferred until 20 hours had elapsed 
after release of the tourniquet, the behavior of the dye differed con- 
siderably from the preceding pattern (Table III). With ischemia of 
2 and 3 hours, respectively, the dye entered quickly and was rapi y 
eliminated; where elimination appeared retarded, it was oun a 
the was stiU laden with dye and that the normal muscle had still 

retained a trace, so that the apparent deficiency of elimination was not 
significant. After ischemia of 4 to 6 hours’ duration, a strikmg de- 
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parture was observed in that the dye failed to enter the ischemic muscle 
for at least 54 hour subsequent to injection, whereas the contralateral 
muscles were stained to their usual intensity. But 3 hours later the 
abnormal muscles were deeply stained, when the normal muscle had 
entirely lost its coloration, so that the circulation was still open, 
although very slow. In the muscles ischemic for 8 hours no dye had 
entered even after i hour, yet penetration was considerable in a little 
over 3 hours. It was apparent that with ischemia of 4 hours or longer, 
and despite a return of blood flow, the circulation re-established 
through the muscle was abnormally sluggish. On the other hand there 
was never any delay in staining of the skin comparable to that seen 
in the muscle. 

The histologic picture of the muscles several hours after release of 
vascular obstruction was complicated by a profuse infiltration of 
monocytes and polymorphonuclear leukocytes, considerable edema, 
and extensive degeneration of the muscle fibers. Many fibers were split 
up into Bowman’s disks, some were fragmented into minute, irregular, 
granular, basophilic particles, and a few had a pale, eosinophilic, waxy 
appearance; of the several forms of degeneration the Bowman type 
was predominant (Fig. 5). In these muscles the capillaries appeared 
ubiquitous, dilated, and engorged with tightly packed er3dhrocytes, 
which appeared square because of the pressure due to mutual con- 
tiguity. They contained no thrombi or cell-free segments, and extrava- 
sations from them were rare and minute. No alterations were observed 
in the structure or contents of the larger arterial and venous channels. 

Assessment of Local Fluid Accumulation 

The excised groups of muscles, both ischemic and normal, were in 
each instance stripped of fascia, pressed dry between filter papers, and 
weighed rapidly to the nearest 0.01 gm. In a series of normal animals, 
the difference in weight between the extensor group and the plantaris 
of the right leg and these muscles in the left was determined to ascer- 
tain the normal variation, using the left leg muscles as the standard, 
and expressing the difference in weights as a percentage of these 
muscles. Since the right leg usually was rendered ischemic, the increase 
in weight of its muscles was also expressed as a percentage of the left 
in a similar manner. It was expected that this would adequately indi- 
cate any trend or significant deviation in weight as readily as compar- 
ing differences in ratios of wet and dry weight, since it would also be 
necessary to assume in the latter method that the loss of necrotic 
tissue by flushing out was balanced by plasma proteins brought in with 
the edema fluid. It has been stated by iVIacFarlane and Spooner ’’ 
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that the maximum increase in weight due to edema is reached within 
hour for guinea-pigs, and by Koletsky and Gustafson that it is 
reached in 3 hours in rats after release of ischemic obstruction to a 
limb. Since the ischemic muscles weighed in this series were all re- 
leased for 3 hours or longer, it may be assumed that all had attained 
their maximum degree of edema. 
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which the increase falls far outside the normal range of variation 
between similar muscle groups. It was striking that there was consid- 
erable edema after even 2 hours of ischemia, but that the difference 
between this and the edema following 3 hours of ischemia was marked. 
On the other hand, the edema after 3 and 4 hours of ischemia was not 
significantly different. It was further apparent that the extent of 
edema in the plantaris muscle, a representative of the flexor group, was 
invariably much greater than that of the extensor group as represented 
by the tibialis anticus and extensor digitorum longus, a fact which must 
be accounted for in determining the importance of edema per se in 
abetting the effects of ischemia. 

Development of Chronic Lesions 

In a further set of experiments, the animal was not disturbed after 
release of the tourniquet, except to examine the pulse and estimate 
the extent of edema and paralysis, until a period of 10 to 30 days had 


Table IV 

Relation of Duration of Ischemia to Development of Chronic Lesions 


Number of 
Experiments 

Ischemia 

Duration of ' 
experiment | 

Infarcts 

Average change 
of weight* 

4 

hours 

3 

days 

10-30 

0 

-30% 

5 

4 

10-24 

2 

“3°% (No infarct) 

4 

6 

12-15 

4 

+50% (Infarcted 
+ 50 % 

2 

8 

15-16 

2 

+30% 

2 

12 

10—18 

2 

i 

+80% 


♦All muscles 'which increased in weight contained infarcts; those without infarcts were 
decreased in weight. 


elapsed. At the elected time the animal was anesthetized and injected 
with 4 per cent bromphenol blue to stain the tissues intensely. The leg 
muscles were then exposed after ^ hour, a period adequate to allow 
staining of normal tissue. The presence of gross areas of necrosis was 
determined in the muscles; such areas were avascular and consequently 
free of dye. The muscles were then excised and treated similarly to 
the previous groups. 

In the light of the previous findings, the late sequelae of varied 
periods of ischemia of skeletal muscle were very significant (Table 
IV). The muscles which were ischemic for less than 4 hours were 
shrunken and firm, elastic and contractile, and stained very deeply 
with the injected dye (Fig. 6). When the difference in weight was 
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expressed as a percentage of the weight of the normal muscle, it was 
found that the weight of the ischemic muscle was significantly decreased, 
although no gross lesions were observed. When ischemia had lasted 
for 4 hours, some muscles resembled those subjected to 3 hours of 
ischemia; others contained large, greenish yellow, depressed, hard, 
friable areas, sharply demarcated from the ends of the muscle (Fig. 7) 
and the surrounding normal tissue. The yellow areas were not con- 
tractile, although the parts surrounding them were electrically irritable. 
Such areas of necrosis occurred in all tibialis anticus and plantaris 
muscles ischemic for longer than 4 hours, and less commonly involved 
the gastrocnemii. They tended to include the whole muscle except for 
a small portion adjacent to the tendinous attachments. It was note- 
worthy that the weights were much increased in those muscles which 
contained infarcts. 

Microscopically, the infarcted areas were composed entirely of fibers 
which were segmented into anisotropic Bowman’s disks or conchoidal 
plates and which contained no nuclei (Fig. 8). The disks were not 
seen in the surrounding normal muscle, which was separated from the 
infarct by a zone of richly vascular, fibroblastic connective tissue in 
which there were occasional multinucleated muscle cells. The most 
conspicuous result from this series was that it indicated the occurrence 
or completion of some phenomenon at the end of 4 hours of ischemia, 
because of which the character of the final muscle damage was altered 
from a diffuse moderate wasting caused by the shorter periods to a 
severe massive necrosis with impairment of function. 

Discussion 

From the histologic character of the areas of infarcation or “muscle 
sequestra,” as Griffiths ® termed them, the lesions caused by temporary 
arterial occlusion are identifiable with those found in experimental 
ischemic necrosis due to unrelieved arterial occlusion.^’ ^ This lesion 
is comprised of a central mass of yellow necrotic tissue, made up of 
fibers segmented into Bowman’s disks, around which is a zone of fibro- 
blastic connective tissue, the vascularity of which is considerable. This 
differs from the lesion caused by venous occlusion, in which there is no 
sequestrum, but merely a sparse scattering of atrophic muscle fibers 
widely separated by dense fibrous tissue,^® a picture never seen with 
arterial occlusion. Furthermore, the experimental lesions are identical 
with those found in Volkmann’s contracture. From this histologic evi- 
dence it is possible to infer that venous obstruction plays no part m 
the pathogenesis of experimental and clinical ischemic necrosis 0 
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skeletal muscle; this is substantiated by the free venous filling observed 
in the roentgenograms. 

The involvement of the large arteries also may be excluded because 
of the invariably palpable pulse along the great saphenous artery, 
which is an index of the patency of large arteries below the site of 
obstruction. The reliability of this criterion as an index of adequate 
arte^al patency is dependent upon the finding of Mann et al.^^ that it 
is necessary to reduce the lumen of a vessel to 12 per cent of its normal 
area before the blood flow to the area beyond the obstruction is nearly 
halved. In all instances the easy palpation of the pulse indicated an 
expansion of the arterial lumen compatible with normal flow, since it 
is known that even after 50 per cent reduction in size of the lumen 
there is no appreciable effect upon rate of flow. This patency is amply 
' confirmed by the angiographic studies which revealed not only patency 
but an actual dilatation of the arterial tree in the distal part of the 
previously occluded limb. The discrepancy of this finding with those 
of Barnes and Trueta ® may be due to the difference in radio-opaque 
medium used. They employed a solution of sodium iodide, which was 
highly irritating and which induced severe muscle spasm. I had similar 
experience with it, and adopted the use of thorotrast, which is non- 
irritant and has a neutral reaction. With the latter medium, spasm 
was never encountered. While these experiments cannot exculpate 
arterial spasm entirely as an occasional cause of muscle necrosis, they 
exclude it as the common mechanism arising from temporary arterial 
occlusion, such as Griffiths,® Barnes and Trueta,® and Leriche^® 
suggest. 

While it is irrefutable that arterial occlusion initiates the process of 
ischemic necrosis, it is equally certain that some other cause than per- 
sistent arterial obstruction must be sought to explain the perpetuation 
of the damage so inaugurated. The behavior of bromphenol blue in its 
slow penetration into, and tardy elimination from, the muscle indicates 
that the fault lies within the muscle itself. That this behavior of the 
dye is caused by adsorption to the proteins of inflammatory exudate 
appears improbable because it has been shown by Miller under dif- 
ferent experimental conditions that this particular dye was absorbed 
more rapidly from inflamed than from normal tissue. The slow en- 
trance of the dye would favor the contention, however, that the blood 
is shunted away from the muscle and into the skin, which is usually 
rapidly tinted. The mechanism of this would be by sympathetic paraly- 
sis, which, as Siddons and Cohen pointed out, causes a deviation 
of blood flow into the skin at the expense of the muscles. And it must 



636 


HARMAN 


be recalled that ischemic contracture is almost invariably accompanied 
by nerve injury."^ Consequently, it is not possible to discount entirely 
this variation in circulation on the present evidence. Caution is further 
implemented by the finding that in man, intra-arterial adrenalin infu- 
sion causes vasodilatation in the muscles of the leg,^'^ followed by 
vasoconstriction, independently of sympathetic action. 

On the other hand, this is not the decisive factor because a profound 
paralysis is induced by ischemia of 2 and 3 hours, after which infarc- 
tion always has been absent. This being so, it is probable that the 
cause of the sluggish flow through the damaged muscle lies within the 
tissue and is of such a nature as to impede the inflow of arterial blood. 
Since the veins are not blocked, the site of the obstacle must be in 
or around the venules, capillaries, and fine arterioles. Histologically, 
these minute vessels are silted up with red cells, which signifies that 
the liquid component of the blood has filtered off almost entirely and 
left behind a vessel plugged with conglutinated particulate elements. 
This is the picture of stasis invoked by severe capillary damage.^®’ 
Because of this capillary damage, stasis, and the obliteration of the 
normal gradient of permeability,^^ there is a considerable resistance 
to the inflow of blood, and considerable depression of the rate of ex- 
change of metabolites, of which bromphenol blue may be a reliable 
criterion since its diffusion coefiicient is not far removed from that of 
dextrose. The difference in the degree and type of muscle damage 
caused by periods of ischemia of less than 4 hours as compared with 
those of longer periods is perhaps to be explained by a peculiar vulner- 
ability of the fine vessels to different durations of ischemia, for, though 
damage apparently follows the shorter periods of ischemia as indicated 
by edema, it may be irreversible only after the longer. It must be 
remembered also that, although considerable interstitial fluid accumu- 
lates after release of occlusion, judged by weight this is as great after 
3 as after 4 hours of ischemia, so that if diffusion through the increased 
volume of fluid is invoked as a factor in the impairment of metabolic 
exchange, it could not explain the difference in reversibility between 
these two periods. Furthermore, the increase in weight of the plantaris 
muscle is as great after 2 hours as is the increase of the extensor group . 
after 3 or 4 hours of ischemia, although infarction does not appear 
in the plantaris until after 4 hours of ischemia. Therefore, one would 
. p s pert this difference to be due to direct damage to the capillary wall 

by the ischemia. , -i i „ 

It is pertinent to draw attention to the studies by Meneely and co- 
workers on the results of temporary occlusion of the coronary artery 
in a Bailey-LaDue preparation, which demonstrates progressive dam- 
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age to the myocardium, as revealed by electrocardiography, after oc- 
clusion is released and blood flow re-established. They believed that 
this is the resuh of increased capillary permeability to trypan blue. 
Their conclusion concerning the pathogenesis of ischemic necrosis in 
cardiac muscle is essentially similar to that which I have reached on 
the basis of the studies outlined above. 

Summary 

1. By means of direct palpation and visualization of pulsation and 
with supplementary angiography, spasm of arteries is excluded as a 
major factor in the pathogenesis of ischemic necrosis of skeletal muscle. 

2. The angiographic studies and histologic lesions indicate that the 
condition is not caused by venous obstruction. 

3. In view of the manner of movement of the dye bromphenol blue 
into and out of ischemic muscles and the histologic picture of stasis 
it is most likely that the principal cause of the ischemic necrosis is 
the persistence of initial ischemic damage of the intimate vasculature. 
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DESCRIPTION OF PLATE'S 


Plate 1 14 


Fig, I. Thorotrast injection in an animal with ischemia of the right leg for 4J4 
" hours, and subsequent release for 4 hours prior to injection. 'Hie roentgeno- 
graph was taken when 5 cc. of thorotrast had been injected into the aorta. 
The arteries of both legs are clearly visualized; there is dilatation of those 
in the right leg below the site of ischemic obstruction. X 


Fig. 2. Second roentgenograph in the same animal as in Figure ^ ^ further 

and final injection of 5 cc. of thorotrast. The artenes are still conspicuous. 
The veins are now visualized in the normal left leg. X 

Fig. 3, Roentgenograph taken 30 seconds subsequent to the last injection, ^e 
arteries are no longer visualized, but the veins are now clearly outlined in 
both legs and have commenced to fade in the normal left leg. X 




Plate 115 

Fig. 4. After India ink is injected into aorta, e.xtensor muscles then are excised and 
cleared by Spalteholz’ method. The small intramuscular arteries are clearly 
defined by the India ink, down to even minute ramifications in both muscles. 
Abnormal muscle had been ischemic for 4 hours. X 

Fig. 5. Fibers from tibialis anticus muscle released for 24 hours subsequent to 4 
hours of ischemia. Longitudinal striations are absent. The fibers are split 
transversely into Bowman’s anisotropic disks, are thick and individualized. 
Nuclei are tigroid due to clearing of nucleoplasm and clumping of chromatin. 
Hematoxylin and eosin stain. X 400. 

Fig. 6. Extensor muscles from a normal leg (on the right) and from a leg made 
ischemic for .3 hours with a subsequent recovery period of 21 days. Normal 
muscle is larger, less firm, and less deeply stained with dye. No infarct was 
seen in the ischemic muscle. X 

Fig. 7. Plantares muscles from the legs of an animal which had ischemia of one 
leg for 8 hours. Released for 18 days before excision. The pathologic muscle 
consisted entirely of an infarct, except for a small area adjacent to the 
tendinous insertion. X / 4 . 

Fig. 8. Edge of an infarcted area of 30 days’ duration. Circulation had been re- 
leased after ischemia of 6 hours. The infarct is composed of fibers split into 
Bo\yman’s disks. Surrounding the infarct is a compact zone of fibroblastic 
connective tissue. Nuclei are absent in the infarcted area. Hematoxylin and 
eosin stain. X 400- 
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THE PERIODIC ACID ROUTINE APPLIED TO THE KIDNEY * 

J. F. A. McManus, M.D. 

{From the Department of Pathology, Medical College of Alabama, Birmingham 5, Ala^ 

This communication presents results of a study of the kidney with 
the aid of an original staining method which has been described previ- 
ously ^ for the demonstration of mucin (Fig. i). 

In brief, microscopic sections are treated with an aqueous solution 
of periodic acid and then colored with Schiff’s reagent for aldehydes. 
Schiff’s reagent or leuko-basic fuchsin is a straw-colored solution which 
is produced by the action of sulfurous acid on an aqueous solution of 
basic fuchsin. The reagent takes on a red or violet color when an alde- 
hyde is added. In tissues it forms a red or violet insoluble compound 
at the sites where aldehyde is present. This property is utilized in 
various histochemical technics. In the classical Feulgen’s test, the alde- 
hyde which is formed from desoxyribose nucleic acid by hydrolysis 
with weak hydrochloric acid is colored with Schiff’s reagent. In similar 
fashion, Bauer’s test for the demonstration of glycogen makes use of 
Schiff’s reagent, aldehyde being produced by the action of chromic acid. 

Since periodic acid has been known to produce an aldehyde when 
acting upon a carbohydrate ^ and when acting upon serine, threonine, 
or hydroxylysine,® it seemed a natural sequence to test it on tissue sec- 
tions. It has been reported already that the following materials are 
colored by Schiff’s reagent after the action of periodic acid: mucin in 
the intestinal and respiratory tracts, the colloid of the pituitary stalk 
and thyroid, mucous salivary glands, certain cells of the anterior hy- 
pophysis, and the basement membrane of the renal tubules and glo- 
meruli.^ The present communication describes the technic in greater 
detail, including the preparation of the reagents, and reports further 
results in the application of the periodic acid Schiff’s reagent routine 
to the kidney. 

Materials and Methods 

The sections of kidney which were studied came from young adult 
males, killed in the European campaign, and from the autopsies of 
the Jefferson-Hillman Hospital. The material had been handled in a 
variety of ways, although most of it had been fixed in formol-saline or 
in Zenker’s-formol solution. A cobalt-calcium-formol fixative^ was 
found useful, particularly when postchromed by leaving for 24 to 48 

* Presented at the Forty-Fourth Annual Meeting of The American Association of 
Pathologists and Bacteriologists, Chicago, May 17, 1947, 

Received for publication, June 2, 1947. 
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hours in 3 per cent dichromate and washing in running tap water for 
12 to 24 hours before dehydration. This is the method of choice when 
tlie granular cells of the renal arteriole are to be studied. The tissues 
were dehydrated in alcohol and embedded in paraffin after either tolu- 
ene or xylene. Some tissues which had been in formaldehyde solution 
for a long time gave satisfactory appearances after postchroming. It 
may be noted here that postchroming appeared to improve the histo- 
logic and cytologic detail after nearly all fixatives. 

The preparation of the necessary reagents is not a complicated 
matter. 

The routine used to prepare Schiff 's reagent is as follows : 

1. Weigh out I gm. of basic fucbsin 

2. Weigh out I gm. of anhydrous sodium bisulfite 

3. Boil 200 cc, of distilled water 

4. Add fuchsin and stir 

5. Cool to 50® C. 

6. Filter 

7. Add 20 cc. of normal HCI (98.3 cc. of HCI (sp. gr., 1.16) made up to 
z h'ter) 

8. Cool to 25° C, 

9. Add sodium bisulfite 

Keep in the dark. The fluid takes i or 2 days to become orange, or straw-colored, 
when it is ready for use. 

Sulfurous acid rinse: 

6 cc. of 10 per cent sodium metabisulfite 
5 cc. of normal HCI 

TOO cc. of distilled water 

These directions are those of Dr. John R. Baker (personal communication) and 
derived from Lison.'^ 

The routine used for coloring the basement membrane is as fol- 
lows: Paraffin sections cut at 3 to 6 /t are brought through xylene and 
graded alcohol to water. When the tissue has been hardened in a fixa- 
tive containing mercury, the customary treatment with 0.5 per cent of 
I2 in 70 per cent alcohol and 5 per cent sodium thiosulfate is carried 
out and the sections are washed for several minutes in running tap water. 
They are placed in a solution of 0,5 per cent periodic acid for 2 to 5 min- 
utes at room temperature and then washed in distilled water briefly, 
although long washing in tap and distilled water does not appear to 
influence their appearance. They are placed for 15 minutes in Schiff s re- 
agent at room temperature. After removal, the sections are treated for 2 
minutes in each of three changes of sulfurous acid as in the classical Feul- 
gen’s test. Departure from the original technic consists of washing the 
sections, after the last sulfurous acid rinse, in a staining dish through 
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which a stream of tap water is running, for 5 to 10 minutes. This has been 
found to enh^ce considerably the brilliance of the coloration. The 
sections may then be brought through graded alcohols to xylene and 
mounted in balsam or, if a counterstain is desired, they may be placed 
in Harris’ hematoxylin for 30 seconds and then washed thoroughly 
in a stream of tap water. for^ 5 to 10 minutes before being dehydrated 
and mounted. If a trichrome effect is desired, the sections, after 
being washed following the hematoxylin nuclear stain, are placed in 
o.i per cent light green for 15 seconds or less and then washed in water 
before being dehydrated. 

Results 

The basement membranes of the glomeruli and of the tubules are 
colored bright red or purple, as are the cell outlines of the smooth 
muscle cells of the arterioles and capillary walls. Ordinary connective 
tissue stains little if at all and there is no nuclear coloring without a 
counterstain. Elastica is not stained nor are the erythrocytes or the 
cytoplasm of cells apart from the proximal tubule. The “brush’^border 
of the cells of the first convoluted segment is colored constantly and 
the cytoplasm of these cells colors to a degree which varies from one 
nephron to another and frorn case to case. There is some coloring of 
the cytoplasm of polymorphonuclear leukocytes and of isolated drop- 
lets or granules in various parenchymal cells, frequently in the posi- 
tion of the Golgi element. 

Counterstaining colors the chromatin blue to black. Light green 
stains the cytoplasm of the cells and the erythrocytes, and also the 
basement membrane to some extent, particularly in the glomerulus. 
The granules of the afibrillar arteriolar cells in the “crush” kidney 
are colored a bright red, somewhat lighter in shade than that of the 
basement membranes. When it is desired to study the arteriolar gran- 
ules, it is necessary to obtain tissue within i hour after death, and the 
cobalt-calcium-formol fixative seems the best, with postchroming essen- 
tial. Alcohol-toluene or alcohol-xylene methods of dehydration and 
clearing must be used. 

The normal glomerulus shows a single basement membrane by this 
technic (Fig. 2). It is believed that glomerular structure can be inter- 
preted more thoroughly with the present technic than in sections pre- 
pared by the trichrome stain or by modifications of Mallory’s aniline 
blue-orange G mixture. 

' In the “crush” kidney there is a strong prominence of the granular 
cells of the renal .arterioles, as Goormaghtigh ® has described. The 



646 


MC MANUS 


fibrin of venous thrombi (Fig. 3) stains strongly by this method. The 
hyalin-appearing casts in the tubules stain with varying degrees of 
brilliance. Glycogen and amyloid are colored brightly. 

The alteration of the basement membrane of tlie glomerulus in 
arteriosclerosis, which was described by McGregor,^ is made promi- 
nent (Fig. 4). 

The hyalin of arteriolosclerosis (Fig. 5) shows strong coloring. 
Hyaline droplets (Fig. 6) in epithelial cells of the proximal tubules' 
color brilliantly. Where tubules have become atrophied in scars, there 
is persistence of staining of the basement membranes of the tubules 
except in the oldest scars. It was concluded from the study of many 
cases that thickening of the basement membrane of the corresponding 
tubule is an early change which occurs in any progressive glomerular 
injury. 

Discussion 

Three features appear to be worthy of discussion at the present time. 

The Utility of the Method as a Histologic Aid in the Study of the 

Kidney 

The basement membranes of glomeruli and tubules are so well 
shown by this technic that it is proposed as the method of choice. 
Fresh tissues, from autopsies performed within r hour after death, 
are best. "W^en autopsy is delayed, the postchroming in 3 per cent 
potassium dichromate for 24 hours followed by washing of the tissue 
in running water for the equivalent time produces satisfactory results. 

A particular advantage of the method is that no “differentiation” 
of the section is necessary. This is in contrast to the aniline blue- 
orange G and Masson’s trichrome technics in which the end result is 
a personal technical production. With them, differences in results may 
be produced by minor variations in the length of differentiation or of 
staining and by minor variations in the quality of the dye. Serial 
sections cut at quite long intervals of time give identical results with 
the periodic acid routine. 

The Structure of the Normal Glojnerular Baseinent Membrane 

The glomerulus in the normal kidney shows a single basement mem- 
brane by the present technic. The glomerular alterations in a variety 
of diseases which have been studied appear to be capable of explana- 
tion upon this basis. Nothing is revealed with any certainty as to the 
nature of the basement membrane of the glomerulus or of the tubules. 

It is of interest in connection with the pathogenesis of Bright’s disease 
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and other affections of the kidney that a coloring similar to that seen 
in the basement membrane is observed in the hyalin of arteriolo- 
sderosis, in casts, and in hyaline droplets. 

The Histochemical Validity of the Present Method 

When the periodic acid technic was described' originally, it was 
pointed out that it was of histologic rather than of histochemical use- 
fulness. That is still the present position. Malaprade ^ had introduced 
periodic acid into quantitative chemistry, having found that it would 
produce an aldehyde when it acted upon t 6 e connection between two 
carbon atoms of a chain if each of these two adjoining carbon atoms, 
had a hydroxyl group. Nicolet and Shinn ^ found that the bond be- 
tween adjoining carbon atoms was broken and that an aldehyde was 
formed when one carbon atom had a hydroxyl group and the other 
an amind group. The demonstration of aldehyde in tissue sections by 
Schiff’s reagent after the action of periodic acid was a logical attempt, 
but histochemical conclusions are difficult to reach because of the fol- 
lowing two facts. Lison ^ has shown that a great variety of materials 
other than aldehydes, notably ketones and unsaturated compounds, 
will recolor Schiff’s reagent. Secondly, many substances in tissues con- 
tain one or both of the linkages from which periodic acid can produce 
aldehyde. Separate identification of glycogen, glycoprotein, glycolipid, 
and the three amino acids (serine, threonine, hydroxylysine) is neces- 
sary if the method described is to give valid histochemical data. It is 
my opinion that the basement membrane consists of a, carbohydrate- 
protein compound of the mucoprotein t5q)e, but decision must be de- 
ferred for the reasons given. 

Summary and Conclusions 

In sections of normal human kidneys the basement membranes, 
capillary walls, and the outlines of the smooth muscle cells of the 
arterioles are colored with Schiff’s reagent after periodic acid. 

Besides these structures, the same routine applied to abnormal kid- 
neys colors the following materials: The hyalin of arteriolosclerosis, 
hyaline casts, glycogen, amyloid, colloid droplets in tubular epithelium, 
and the granules of the afibrillar cells of the arterioles. 

The material of the basement membrane which takes the stain is 
believed to be a mucoprotein. Opposed to immediate acceptance of this 
hypothesis are (1) the nonspecificity of the recoloring of Schiff’s re- 
agent, and (2) the production of aldehyde by periodic acid from three 
amino acids. 
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DESCRIPTION OF PLATES 


All illustrations were made from sections treated with periodic acid followed by 

Schiff’s reagent 

Plate 116 

Fig. I. Human jejunum. There is coloring only of mucous goblets and of the 
free surface (“brush border”) of the intestinal epithelium. X 1500. 

Fig. 2. Normal glomerulus and arteriole from a white female, 42 years of age. 
The basement membrane of the glomeruli and tubules is colored as well as the 
cell outlines in the arteriole. There is slight coloring of the free surface of the 
proximal convoluted tubules. X 520. 
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Plate 117 

Fig. 3. Tubular injury and venous thrombosis after a severe wound. A thrombus 
can be seen protruding into the venule from the inflamed interstitial tissue. 
There is a hyaline cast in one tubule and some cellular debris in another. 
Counterstained with hematoxj’lin. X 320. 

Fig. 4. Glomerulus from a case of essential hypertension in a colored female, 36 
years. old. Death in second cerebral hemorrhage. Most of the glomeruli, like 
the one of which a corner is shown, appeared normal; a few — one-fourth to 
one-fifth — showed the wrinkling of the simplified basement membrane w'hich 
is illustrated. Hyaline arterioles (not shown) were numerous. X 520. 









Plate iiS 


Fig. 5. Area from the generally normal kidney of a white female, 46 years old, 
dying with metabolic craniopathy. An obsolescent glomerulus is seen. There 
are several segments of a tubule in process of disappearance and showing 
thickening of the basement membranes. The arteriole shows several patches 
of hyalin. X 260. 

Fig. 6. From the same case as used for Figure 5. Several tubules, the cells of 
which contain hyaline droplets, are seen. One other tubule is in process of 
disappearance. It shows a greatly thickened basement membrane and a dimin- 
ished or absent lumen. X 95°. 
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EPITHELIUM-LIKE INCLUSIONS IN THE HEART* 

S. M. Rabson, M.D., and L. J. Thili, MJ). 

{From the Department of Pathology, St. Joseph Hospital, Fort Wayne, Ind.) 

The pathologic anatomist subscribes to the view, common to all 
sciences, that the exceptional condition is worthy of study, since it 
frequently is of aid in understanding the more usual deviations from 
normality. The report, then, of a clinically insignificant, but anatomi- 
cally interesting, cardiac anomaly justifies itself. As so often happens 
and as remarked by Davidsohn,^ the lesion was accidentally discov- 
ered at necropsy, and only microscopically. 

Report of Case 
Clinical History 

A white married woman, 29 years of age (no. 46-7801), entered the St. Joseph 
Hospital, October 21, 1946. She had diflSculty in breafiiing, generalized pain in 
the chest and upper part of the abdomen, cough, and weakness. These symptoms 
had recurred frequently since their onset in 1940. When she was 14 years old 
(1931) she showed evidence of heart disease; there was no definite Wstory of 
rheumatic fever. In the last 6. years of life she bore three living normal children, 
the last having been bom 6 weeks before death. 

During the 3 days in which she was hospitalized before her death, the tempera- 
ture was always subnormal, and the respirations moderately rapid. Except for a 
brief transient rise, the pulse rate was never above 66, and terminally was recorded 
as 60. Treatment was ineffective. The symptoms became rapidly worse, and the 
patient expired on October 24, 1946. 

Necropsy Findings 

The body was examined (no. 46-A-083) 3^ hours after death. There 
was universal acute passive congestion, and fluid was found in the 
pleural and pericardial cavities, and in the abdomen. The enlarged 
heart (515 gm.) was dilated. Rheumatic stigmata included mitral 
valvular scarring with insufficiency, and bilateral atrial mural endo- 
carditis and pulmonary arteritis. 

In the original microscopic section of the posterior leaflet of the mi- 
tral valve and adjacent left atrium and ventricle an unusual feature 
was noted with the naked eye. In the angle between atrium and ven- 
tricle (Fig. 1), in the general plane of. the valvular ring, there were 
round, solid and hollow, smaller and larger areas stained blue by hema- 
toxylin. Closer examination of this, as well as of additional sections 
from the same block, failed to uncover any physical bridge between 
these structures and either the endocardium or epicardium. The inclu- 

* Received for publication, June 30, 1947. 
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sions extended irregularly for a very short distance into the atrial myo- 
cardium, but did not do so on the ventricular side. All were sharply 
circumscribed by the connective tissues in which they lay. 

The basic cell of tlie anomaly had a varied shape. In the solid struc- 
tures it was generally polyhedral, with a cuboidal form assumed by 
those in the peripheral layer or layers. The hollow formations usually 
were lined by cuboidal cells; the lumina could be assumed to have been 
formed by dissolution of the cells in the interior. 

Centrally placed in each cell was a round to slightly oval, single 
nucleus witli distinct limiting membrane. The chromatin was finely 
granular and well dispersed. At least one obviously larger chromatin 
granule was found in every nucleus, and a few nuclei had single, well 
formed nucleoli. Nucleolar formation was accompanied by thickening 
of the nuclear membrane, and by coarsening and concentration of the 
chromatin on the membrane. A few mitotic figures were identified. 

The c3d;oplasm was moderately eosinophilic, dense, and nongranu- 
lar. No cytoplasmic inclusions were seen. 

Hollowing of the cellular formations was accomplished by disin- 
tegration of the central portions. Some cells exhibited pyknosis and 
C3d;oplasmic hyalinization. Others, greatly swollen, with multiple vacu- 
oles, usually exhibited a distinct, thick, cellular membrane before dis- 
integration. A few cells crumbled without going through any of these 
processes. 

The larger spaces (Fig. 2), many of them confluent, were well filled 
with' cellular detritus and cells in varied stages of degeneration. A 
few neutrophilic and eosinophilic leukocytes and an isolated red cell 
completed the picture. In a few lumina conglutinated eosinophilic ma- 
terial was partly or completely calcified. 

Adjacent to the ventricular epicardium (Fig. 3) the early stage of 
luminal formation lent the appearance of sebaceous glands (Fig. 3)- 
The central cells were, greatly enlarged and the cytoplasm vacuolated 
almost to the point of disappearance. The nuclear membranes stood 
out as thick eosinophilic rings, and the centrally placed single nuclei 
were sHghtly shrunken. No intercellular bridges were identified. _ 

Another space was filled peripherally with several concentric rings 
of acellular hyaline material about a central mass of cloudy amp 0 
teric substance, probably lightly impregnated with lime salts. 

The stroma of the area was dense, generally collagenous, poorly 
cellular, and very vascular. The numerous vessels were chiefly 
laries and arterioles, but a few small arteries were seen. L3m2p 01 
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cells and fewer plasma cells were congregated in appreciable numbers 
in the neighborhood of the large hollow formations. 

Discussion 

The recent paper of Anderson and Dm5rtryk ^ thoroughly reviewed 
most of the available literature on primary cardiac tumors, as well 
as that dealing with epithelium-like inclusions, some similar to those 
described in this paper. In their case of a m)Oi:omatous tumor (the 
result of changes in thrombotic material) of the right atrium, gland- 
like and cystic structures were found in the new growth. These struc- 
tures were lined by a variety of cells, ranging from flat cells of 
endothelial character to those of columnar t3^e. Mucicarmine-positive 
material was identified in the latter, and cilia were suggested but not 
positively recognized. The inclusion of pericardial elements in the 
atrial wall during cardiac development was suggested as the causative 
factor. 

Rezek ^ was kind enough to furnish slides of the case he reported 
in 1938, and also to review material of the lesion here recorded. In 
his sections the epithelium-like character was, in general, not as pro- 
nounced as in the illustrations in his paper. He called attention ^ to 
the sebaceous gland-like character of some structures in the present 
case, as described above, and inquired whether these were “predes- 
tined to develop into skin.” Notwithstanding superficial appearances, 
we are reluctant to accept this suggestion, particularly in the absence 
of intercellular bridges. 

The cellular spaces illustrated in the publication of Perry and 
Rogers ^ closely resemble those of the case reported here. This was 
confirmed by Rezek,® who had received slides from these authors after 
they had published their findings. He noted solid nests with cells like 
those of sebaceous glands or vacuolar degenerated epithelial cells. 
Perry and Rogers’ diagnosis was “l5rmphangio-endothelioma,” and his- 
togenesis was ascribed to “lymphatic vasoformation.” Rezek, in the 
text of his own original report, spoke of lymphangio-endothelioma. He 
added, however, that if the structures were epithelial, they might have 
resulted from the fetal inclusion of adjacent tissues, like the foregut 
(esophagus). The title of his paper showed the weight of his opinion . 
by the inclusion of the phrase, “primary epithelial tumor.” 

Cornifying stratified squamous epithelium and sweat-gland-like ap- 
paratus were found by de Chatel ® who referred to ectodermal hetero- 
topia, or metaplasia of retained entodermal cells. Kolatschow,^ David- 
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sohn/ and Bayer « each described cysts lined by ciliated columnar 
epitlielium in the left ventricular papillary muscle. Kolatschow spoke 
of dj^topia, as well as the possibility of an epicardial anlage with 
metaplasia to cylindrical epithelium. Davidsohn did not support any 
tlieory, and Bayer suggested a common origin with the bronchial wall. 

We have no theories of our own. The propinquity, early in fetal 
life, of epithelium-producing tissues to the cardiac structures renders 
dystopia, heteropia, or inclusion ® especially attractive. In the absence 
of definite identification of the abnormal formations as epithelial, an 
endocardial, or epicardial origin seems more reasonable. The paucity 
of published observations on such solid and hollow inclusions makes 
the formulation of opinion additionally difficult. One suspects the 
meagerness is real, rather than relative, because the heart is more 
intensively and extensively studied at necropsy than any other organ. 

SUMIIARY 

In the subepicardium' and adjacent left atrial myocardium in the 
plane of the mitral, ring of a white woman with rheumatic heart dis- 
ease, abnormal structures * were found. These were both solid and 
hollow, and had an epithelial character which could not be established 
beyond doubt. A cardiac origin, including epicardium and pericardium 
as possible sources, is probable, in consonance with similar, previously 
published reports. 
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DESCRIPTION OF PLATE 


Plate 119 

Fig. I. Epicardium and subepicardium of the left atrioventricular angle, showing 
solid and cystic epithelium-like elements. Hematoxylin and eosin stain. X 32. 

Fig. 2. Portion of the subepicardium showing cystic epithelium-like structures. 
Desquamated and broken-down lining cells form the contents of the cyst; 
calcification of intracystic necrotic material. Hematoxylin and eosin stain. 
X 50. 

Fig. 3. Epicardial layer and subepicardial structure suggestive of sebaceous gland. 
Hematoxylin and eosin stain. X 215. 
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THE AMERICAN ASSOCIATION OF PATHOLOGISTS 
AND BACTERIOLOGISTS 


Forty-Fifth Annual Meeting, 
Jefferson Medical College, 
Philadelphia, Pennsylvania 
March Twelfth and Thirteenth, 1948 

President Soule in the Chair 


BUSINESS MEETING 
March Twelfth, 1948 

For the Council, the Secretary announced the following actions: 

Election of new members 


Carlton Auger, Quebec City, Que. 
William H. Bauer, St. Louis 
Joseph L. Bernier, Washington, 

D.C. 

Maurice M. Black, Brookl3ni 
Charles Breedis, Philadelphia 
Charles W. Buggs, Detroit 
Francis C. Coleman, Des Moines 
John T. Cuttino, Durham 
Richard Ford, Boston 
Ira Gore, Washington, D.C. 

John D. Hamilton, Kingston, 
Ont. 

Philip H. Hartz, Willemstad, 
Curagao, N.W.I. 

Eugene Hildebrand, Great Falls, 
Mont. 

Arthur A. Humphrey, Battle 
Creek, Mich. 

Oscar B. Hunter, Jr., Washing- 
ton, D.C. 

Aaron Kellner, New York 
Benjamin H. Landing, Boston 


Thomas J. Moran, Danville, Va. 
Gert L. Laqueur, San Francisco 
Pablo Mori-Chavez, Lima, Peru 
Joseph I. Mossberger, Denver 
Hans N. Naumann, Taunton, 
Mass. 

Manuel D. Penas, St. Louis 
Louis C. Posey, Birmingham, Ala. 
Dexter L. Reimann, Baltimore 
Russell A, Runnells, East 
Lansing, Mich. 

Olaf K. Skinsnes, New York 
Reuben Straus, Beverly Hills, 
Calif. 

W. T. S. Thorp, Bethesda, Md. 
J. P. Tollman, Omaha, Neb. 
Richard C. Wadsworth, Bangor, 
Me. 

Prem N. Wahi, Agra, U.P., India 
Frederic J. Wohlwill, Hathorne, 
Mass. 

Charles L, Yuile, Rochester, N.Y. 
Edwin E, Ziegler, Lancaster, Pa. 
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Reinstatement to membership of Drs, Harold M. Dixon and John 
W. Miller. 

Acceptance, with regret, of the resignations of Drs. Warren C. 
Convin, Gilbert Dalldorf, Harold W. Lyall, Peter K. Olitsky, and 
Ralph G. Stillman. ^ 

With deep regret, the deaths of Drs. Clement C. Fenton, Robert 
Green, Robert N. Nye, Cornelius A. Hospers, Francis P, Parker, and 
O. T. Schultz. 

Upon nomination of the Council, the Association elected the follow- 
ing officers; 

Presidcfit E, W. Goodpasture 

Vice-President Shields Warren 

Secretary Howard T. Karsner 

Treasurer Alan R. Moritz 

Assistant Secretary Herbert Z. Lund 

Assistant Treasurer Sidney Farber 

Incoming Member of Council William H. Feldman 

The President announced that the American Type Culture Collec- 
tion is an actively growing solvent concern housed in its own building 
in Washington. He said that at present there are not less than 5,000 
cultures. Duplicate cultures are kept in a separate repository so that 
if those in the building are destroyed it will be possible to replace 
them. It was pointed out that the entire income is from sale of cul- 
tures. Dr. Soule suggested that members who receive requests for 
cultures refer these requests to the American Type Culture Collec- 
tion, 2029 M Street, N.W., Washington, D.C., so far as possible. 

The Secretary announced the re-election of Dr. Malcolm H. Soule 
as Assistant Editor of The American Journal of Pathology for the en- 
suing year, and the election of Dr. Tracy B. Mallory to the Editorial 
Board for a period of six years. 

The Secretary announced the nomination of Dr, Malcolm H. Soule 
as representative of The American Association of Pathologists and 
Bacteriologists in the Division of Medical Sciences, National Research 
Council, for a term of three years beginning July i, 1948. 

For the Council, the Secretary announced that the next meeting 
of the Association will be held in Boston on April 15 3^Pd 16, i949* 
The topic for the symposium for the 1949 meeting is “Pathology in 
Forensic Medicine.” Dr. Alan R. Moritz has been appointed to act 

as referee. 
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REPORT OF THE TREASURER 

The report of the Treasurer was submitted to the Council and ac- 
cepted by the Council. It was accompanied by a certification from 
the Edwin S. Morse Company, Public Accountants, Boston. In con- 
densed form, the Treasurer’s report follows: 


General Checking Account 
Receipts 


Balance on hand, January i, 1947 


$ 2,740.64 

Membership dues: 

Current 

$ 7,290.00 


Back 

90.00 


' Advance (1948) 

30.00 


Interest on bonds, from investment account 

590.00 


Sale of U.S. bonds, from investment account 

6,044.04 

14,044.04 

$16,784.68 

Disbursements 

American Journal of Pathology ($8.00 per member) 


$ 5,456,00 

C. E. Lennon (Secretary to Dr. Karsner) 

$ 200.00 


P. A. Glass (Secretary to Dr. Moritz) 

150.00 


Reporting 1947 meeting 

213.08 


Attending meetings (officers) 

192.32 


General office expense (secretary), including 

expense for annual meeting 

212.37 


General office expense (treasurer) 

44-30 


National Society Medical Research 

50.00 


Auditing service 

30.00 

. 

Safe deposit box 

6.00 


Bank charges 

3-44 


Transfers to investment account 

8,044.04 

9 , 145-55 



$14,601.55 

Balance on hand, December 31, 1947 


$ 2,183.13 

Investment Account 

Balance, January i, 1947 


$32,155.12 

Receipts 

Interest, savings bank accounts 

$ 114,08 


Gain on U.S. bonds sold 

44.04 


Franklin Savings Bank 

4,000.00 


Provident Institution for Savings 

4,000.00 

8,158.12 


$40,313-24 
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Disbursements 

U.S. bonds sold (3% of 6/15/48) $ 6,000.00 

Balance, December 31, 1947 

Inventory of Investments 
December 31, 1947 


U.S. bonds zYz, series G $20,000.00 

Provident Institution for Savings 4,000.00 

Franklin Savings Bank 4,000.00 

Cambridge Savings Bank 4,216.17 

National Shawmut Bank 2,097.07 


6,000.00 

$34,313-24 


Total 


$34,313.24 
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A Sttoy of the Behavior in Tissue Cueture of Lymph Nodes from 
Hodgkin’s Disease. Antonio Rottino, and (by invitation) Barney Worken 
and Augusta Hollender, New York, N.Y. 

Abstract. L>nnph nodes from 25 patients with Hodgkin’s disease and 26 patients 
Vrith non-Hodgkin’s disease were studied in tissue culture. 

In the Hodgkin’s series, the following were conspicuous ; liquefaction of medium, 
formation of multinuclear giant cells, phagocytosis, and occurrence of intracyto- 
plasmic inclusions. 

For the ensuing discussion we shall enlarge on the phenomenon of liquefaction. 
The conclusions drawn from this study are: 

1. Liquefaction of medium in tissue culture is nonspecific. 

2. It is more frequent and of greater degree in Hodgkin’s than in non-Hodgkin’s 
cultures. 

3. Liquefaction occurs more often and to a greater degree with the granuloma- 
tous form of Hodgkin’s disease and is diminished as the node becomes more fibrotic 
and sarcomatous. 

4. Liquefaction probably represents digestive activity on the part of a fibrino- 
lytic enzyme liberated from cells of one or more types. In Dr. Worken’s opinion 
the ferment is elaborated by the reticular cell. 

Discussion 

(Dr. Herman Hoster, Columbus, Ohio) As I interpret Dr. Rottino’s remarks 
concerning liquefaction, they appear to nullify, at least in part, the observations 
of Grand based on liquefaction. I should like to ask whether the inclusion bodies 
described by Grand are also considered nonspecific. I should like to inquire also 
whether there are any changes which Dr. Rottino considers specific in these tissue 
cultures. 

(Dr. Jacob M. Ravid, New York, N.Y.) I should like to ask Dr. Rottino 
whether he has done any multiple tissue cultures on patients who have had 
several biopsies at various times during their illness, and if so, whether he ob- 
served in such cases any differences with regard to the liquefaction phenomenon. 

(Dr. Rottino) With regard to the inclusion bodies, all sorts of inclusion bodies 
are seen in tissue cultures of lymph nodes from Hodgkin’s disease. The same, 
however, are seen in control material. One source for cytoplasmic inclusions is 
the disintegrated remnants of cells dying in tissue culture and their subsequent 
phagocytosis by multinucleated giant cells and mononuclear cells. Present Msto- 
chemical methods are not sufficiently refined to differentiate the histogenesis of 
all the inclusions that are found within cytoplasm. At present I think that 
most of the inclusions which we see arise by phagocytosis. 

With regard to any specific phenomena occurring in Hodgkin’s disease, I con- 
fess we have not seen any. The occurrence of Stemberg-Reed cells is men- 
tioned; as far as I can make out, however, what have been identified as Stern- 
berg-Reed cells are in my opinion multinucleated giant cells of the foreign body 
type that make their appearance in response to debris that occurs in tissue 
cultures. 

In reply to Dr. Ravid’s question concerning multiple biopsies and multiple 
cultures, we have observed cultures of different nodes removed at different times. 

669 
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In 2 individuals^ the second culture showed the formation of numerous large 
multinucleated giant cells not present in the first cultures. In another instance 
in the first culture liquefaction was much more common tlian in the second 
culture. 

Histopathologic Observations in Cases of Hodgkin’s Disease Treated with 
Nitrogen Mustard.* Virgil H. Cornell and (by invitation) A. S. Blauw, 
Washington, D.C. 

Abstract. Several articles have reported temporary remissions, and a few rel- 
atively long periods of remission, in cases of Hodgkin’s disease treated with 
nitrogen mustard. These have given no detailed descriptions of histopathologic 
changes subsequent to treatment, nor commented upon the absence of any 
changes. Other publications of animal experimental work during the war years, 
which have been recently released for publication, describe changes in great 
detail. 

Seventeen cases, in which material before and after nitrogen mustard therapy 
was available, have been studied and no consistent histopathologic change can 
be found which may be attributed to the therapy. The present report is made 
to record the negative findings and warn against application of the animal tissue 
changes after sublethal dosage to the human cases treated by therapeutic dosage. 

Discussion 

(Dr. Antonio Rottino, New York, N.Y.) I had the privilege of doing an 
autopsy on a patient with Hodgkin’s disease w’ho died 3 days after a course 
of m'trogen mustard. The case was a late one. There were complications, such 
as a lobar pneumonia and severe anemia and leukopenia. At autopsy there was 
necrosis not only of the l5Tnphocytes but also of the reticulum cells of all the 
lymph nodes we could find, as well as in the bone marrow. 

Unusual Changes in Lymphosarcoma under Nitrogen Mustard Therapy. 
Oscar B. Hunter, Jr. (by invitation), Washington, D.C. 

Abstract. This paper deals with an apparent coagulation necrosis of lympho- 
sarcoma tissue in a number of cases seen at the Army Institute of Pathology. 
These cases all show the same necrotizing effect of the tumor tissue without ap-- 
parent effect on the relatively normal tissue. This effect has not been noted in 
the literature to date and in the instances detailed in the paper the tumor has 
apparently been eradicated almost completely. 

. Discussion 

(Dr. V. H. Cornell, Washington, D.C.) I would like to say that the apparent 
discrepancy in the two papers which have just been presented may be recon- 
ciled. We have seen this change in autopsied cases given nitrogen mustard 
therapy; however, I think I have seen it also in cases that have never met ni- 
trogen mustard. It was with this idea in mind that for over a year and a half 
I have been going back over our material and every time I saw something in 
cases that were treated with nitrogen mustard, I saw it also in cases that were 
not treated. I think that unless you look at this new treatment with great dis- 
crimination you cannot be sure that the criteria you are appl3nng are specifically 
related to the therapy. I think there must be some action, and apparently some 
late action, of nitrogen mustard. It is very well described in animals with large 

* This article will appear in a subsequent issue of The American Journal 0] Pathology. 



SCIENTIFIC PROCEEDINGS 


671 


doses. As I stated, the effect ceases, perhaps, in 15 to 30 minutes within the 
body. Clinically the improvement is prompt but anatomically delayed. What 
I was afraid of was that the papers, which have been in preparation during the 
last year and are now coming out in the literature, on animal therapy with huge 
doses of nitrogen mustard might be interpreted as indicating what was occurring 
in the patient who receives the therapeutic dose. I simply urge everyone to be 
extremely strict in the interpretation of what they see. 

(Dr. Shields Warren, Boston, Mass.) May I ask Dr. Cornell if he means 
to imply that the type of phagocytosis he showed is specific for the action of 
nitrogen mustard? 

(Dr. Cornell) No, I thought I made that clear; the first group of slides 
showed phagocytosis and were nitrogen mustard cases, while the last three slides 
were from cases that had not had nitrogen mustard. I am simply trying to 
show the similarity of phenomena that were observed first in the nitrogen mus- 
tard cases, and could then be found in other cases. 

(Dr. Hunter) I am glad we had , a second biopsy in the first case, showing 
the histologic change before and after. It was very closely controlled. 

Atypical Amyloid Disease, with Observations on a New Silver Stain eor 
Amyloid.* Lester S. King, Chicago, 111 . 

Abstract. From the group of so-called “primary” amyloidosis, a special sub- 
group of “atypical amyloidosis associated with senility” is distinguished. Five 
cases, all concerning patients over 80 years of age, are described, in which 
amyloid occurred in the heart, almost exclusively, and which showed no common 
denominator apart from advanced age. These are contrasted with a further case 
of “atypical amyloidosis associated with pyelonephritis.” A new method of stain- 
ing amyloid with ammoniacal silver is described. 

Discussion 

(Dr. Alfred Plant, New York, N.Y.) How were the amyloid reactions with 
the customary methods? I ask the question because of the well known staining 
irregularities of atypical amyloid. 

(Dr. Jesse E. Edwards, Rochester, Minn.) I should like to subscribe to the 
skepticism concerning the infrequency of amyloidosis of the heart in the com- 
ments of Dr. King. I think the frequency of this condition has not been ap- 
preciated in the past. In the last year we have seen 4 instances of the condi- 
tion essentially similar to the 5 he showed. In each of these 4 the diagnosis was 
made on gross examination and the gross diagnosis was made on the basis of 
lesions seen in the endocardium, especially of the left atrium. The lesions were 
also seen in the right atrium. They appeared as “tapioca” lesions. The little 
specks may be numerous; they were innumerable in the endocardium of the 
left atrium and were smaller than those which we ordinarily associate with the 
tapioca lesions of amyloidosis of the spleen; they tended to be of pinpoint size, 
rarely a millimeter in diameter. Occasionally some of these lesions would in- 
volve the valvular endocardium. I wonder if Dr. King found, in his cases, lesions 
involving the endocardium. In the 4 cases I mentioned there were also lesions 
of amyloid in the myocardium. 

Just a word about terminology: I think the term he recommends is a little 
vague. I do not know that I can suggest a better one, but I would suggest 
that in some way the terminology should definitely include amyloidosis with 
reference to the heart which the term “atypical amyloid disease” does not do. 

* This article will appear in a subsequent issue of The American Journal of Pathology. 
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(Dr. Ralph D. Lillie, Bethesda, Md.) May I ask Dr. King if his silver re- 
action is based on formaldehyde-fixed material, or are other fixatives used? 

(Dr. Friederich Wohlwill, Danvers, Mass.) I would like to ask whether, by 
chance, the^ nerves^ have been examined. I saw a case of atypical amyloidosis 
with the clinical picture of polyneuritis in which the main seat of the amyloid 
substance was in the spinal roots, the spinal root ganglia, and the peripheral 
nerves. But there was amyloidosis of the heart, too. 

(Dr. Alfred Angrist, Jamaica, N.Y.) I wonder whether Dr. King will com- 
ment on the relationship of this substance to ordinary hyalin, realizing that 
hyalin is a rather all-inclusive term and that amyloid itself includes quite a 
complicated heterogeneous group of chemical substances. I ask the question 
because it is my impression that this is a rather common phenomenon in hearts 
as I see them. Your statistics do not represent the ordinary experience of the 
average pathologist, at least, judging from my experience. My interpretation 
of the lesion is that it represents a form of change in arteriosclerosis. The le- 
sions in the glomeruli are very similar to what we see in the Kimmelstiel- 
Wilson lesion of the glomeruli and in hyah'nosis of arterioles, and there we are 
fairly well agreed that each is a variety of arteriosclerosis. The noted localiza- 
tion in the vessels seems to bear out that impression. I would be appreciative 
if Dr. King would resolve this difficulty. 

(Dr. Arthur C. Allen, New York, N.Y.) In regard to Dr. Angrist’s comment, 
I should like to re-emphasize that lesions in diabetic glomerulosclerosis which 
have a similarity in routine sections to the glomeruli of amyloid disease do 
indeed have a striking argyrophilia, but that the argyrophilic material has a spe- 
cific laminated pattern, which I believe is different from the homogeneous 
smudgy appearance of the argyrophilia of the amyloidotic glomeruli described 
here. 

(Dr. King) In reply to Dr. Plant’s question, I should have emphasized that 
in all these cases the amyloid stains very well with methyl violet and Congo 
red, so that the staining reactions are entirely typical. 

Before replying to Dr, Edwards, may I ask him the age of the patients in whom 
he found the disease? 

(Dr. Edwards) I do not recall the exact ages, but I believe they were all 
older individuals. 

(Dr. King) In the matter of terminology, the best I could think of was 
atypical amyloidosis associated with senility, and I used that because I do not 
believe the amyloid is necessarily restricted to the heart. There are observa- 
tions in the literature describing amyloid in the seminal vesicles. Unfortunately 
in these cases the seminal vesicles were not examined histologically, but in a 
series of reported cases in which the ages were over 80, almost 70 per cent 
showed amyloid in the seminal vesicles. My feeling is that amyloid deposition 
in the heart and in the seminal vesicles is a function of age, I have observed it 
in the heart. I may say that we had not known of any in the peripheral nerves. 

In reply to Dr. Lillie’s question, the material is formalin-fixed. The only 
striking feature of this impregnation is that no reduction is necessary. 

In regard to Dr, Angrist’s question, he is asking me a question which the 
pathology students are asking, and usually we find that the questions which the 
- pathology students ask are the most difficult to answer. The only way I can 
tell the difference between amyloid and other hyah'ne substances is by specific 
stains. My feeling is that any hyaline material which reacts positive y w ^ 
the accepted amyloid stains— Congo red, methyl violet, iodine, and,^ I hope, tins 
technic— is amyloid, and if it does not react with these methods it should not 
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be called amyloid. I agree with Dr. Angrist that this is probably a common condi- 
tion. However, the importance of applying specific amyloid stains to this con- 
dition has not been appreciated. In my experience we have had 20 cases over the 
age of 80, and in these 4 showed this condition. I have not tried the technic 
on any examples of intracapillary glomerulosclerosis. 

Enhancement op Metastasis of a Mouse Mammary Carcinoma Following 
Roentgen Irradiation. Edwin D. Murphy and Henry S. Kaplan (by in- 
vitation), Memphis, Tenn. 

Abstract. The tumor studied was Dr. Halsey Bagg’s tumor no. 755 which 
grows slowly in C57 black mice, seldom metastasizing. In 4 experiments, groups 
of 40 to 50 C57 mice were inoculated, and when the tumor reached a diameter 
of I cm., half of the mice received doses of 400 to 1000 r. applied locally to 
the tumor, the rest of the mice being held as controls. The incidence of pul- 
monary metastasis after 6 weeks was 44 per cent in the case of the irradiated 
tumors and 10 per cent in the controls. Heterotransplantation studies carried 
out collaterally indicated that progressive growth was more readily obtained 
with irradiated tumor than with untreated tumor, suggesting a primary effect 
upon the tumor rather than directly upon the host. 

Discussion 

(Dr. Alfred Plant, New York, N.Y.) Was this the original strain from the 
Jackson Memorial Laboratory, or a sub-strain? 

(Dr. Murphy) The strain was Strong’s sub-line of the C57 black, but, as 
I indicated, we carried the tumor in that strain for a period of 2 years before 
this experiment was started. We have carried on some observations on me- 
tastasis for another type of work, and are using that as our background for the 
behavior of the tumor. The incidence of spontaneous mammary carcinoma is 
low and none appeared in any of our animals in the age group used. 

\ 

Color and Precipitation Reactions with Malignant Tumors. Emil Weiss, 
Chicago, 111 . 

Abstract. Fresh unfixed tissue of malignant tumors (0.25 to 0.5 cc. suffices) 
is cut to small particles, placed in a tube, covered with 10 cc. of a saturated 
solution of litmus in 70 per cent acetone, corked and shaken vigorously for i 
minute. Malignant tissue turns the solution red, while the control containing 
normal or benign tissue remains violet. A solution of 20 per cent salicylic acid 
in acetone, used in the same way, gives precipitation with malignant tumors and 
none with benign or normal tissues. Controls for each reaction are: (i) Reagent 
control containing the reagent used in the test; (2) positive control containing 
the reagent and a known malignant tissue; (3) negative control containing the 
reagent and a known normal tissue. The controls are handled in the same way 
as the unknown. The test is interpreted as strongly positive if salicylic acid 
and litmus give the described reactions for malignant tumors, as weakly positive 
if only salicylic acid gives the typical reaction, and as negative if precipitation 
does not occur with salicylic acid regardless of the litmus reaction. Impurities 
of proteins in the test tubes may cause false positive reactions and acids may 
cause false negative reactions. The test gave results corresponding with histo- 
logic examinations in 95.17 per cent of malignant tumors (80.12 per cent 
strongly positive, 15.06 per cent weakly positive reactions). Benign tumors gave 
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4.24 per cent positive reactions (only weakly positive). The test applies to 
all types of malignant tumors. 


Discussion 

(Dr. I^ussell L. Holman, New Orleans, La.) I would like to ask Dr. Weiss 
if he has tried this reaction on serum, or urine, or on extracts of normal tissue. 

(Dr. Weiss) This reaction cannot be used on serum because it would coagu- 
late the serum. For urine tests the reagents would have to be used in a 
more concentrated form and adjusted accordingly. Extracts of 200 normal 
tissues gave satisfactory results. 

Granular Cell “Myoblastomas” and Granular Cell Neurofibromas: Sepa- 
ration OF Neurogenous Tumors from the Myoblastoma Group. John 
A. Fust (by invitation) and R. Philip Custer, Philadelphia, Pa. 

Abstract. Study of 51 tumors originally diagnosed granular cell myoblastoma 
at the Army Institute of Pathology and the Presbyterian Hospital disclosed cer- 
tain structural differences between all but one occurring in the tongue and those 
located elsewhere. Fifteen of the 16 lingual tumors, if they are true tuniors in 
the neoplastic sense, appeared to arise through alteration of pre-existing volun- 
tary muscle fibers. The i6tb was a polypoid tumor bearing no demonstrable 
relation to muscle and resembling the granular cell tumors found in the skin 
and subcutaneous tissue at a variety of other sites. In the 35 non-lingual cases 
we believed it possible to demonstrate a histogenetic relationship to peripheral 
nerves, perhaps to Schwann cells, which are known to have granular cytoplasm 
under certain conditions. Large granular cells were frequently found within 
the perineurium of nerve twigs well beyond the reaches of the tumors, appear- 
ing to have developed there rather than having invaded the nerves. Four other 
tumors showed gradations between the conventional type of neurofibroma and 
granular cell tumors. 

In summarizing this series of 51 cases of granular cell tumors: 

1. Those that appear to arise in muscle occurred only in the tongue. Whether 
they are true neoplasms is not yet clear. 

2. Those that appear to arise from nerves may occur in the tongue, but 
are found mostly elsewhere in skin and subcutaneous tissue. They are true 
neoplasms, 

3. These 2 ^oups are structurally different, having in common the granular 
c3d;oplasm of their component cells. 

Two other types of granular cell tumors, not included in this series, may 
prove to be separate entities. The first is the so-called congenital epulis. The 
second is found in skeletal muscle, notably in the thighs and buttocks; it differs 
somewhat in histologic pattern from the lingual lesions and may be more closely 
related to the conventional rhabdomyoma. 

Discussion 

(Dr. Jacob M. Ravid, New York, N.Y.) Did any of these granular ceU myo- 
blastomas show evidence of mah'gnancy? 

(Dr. Fust) All of these tumors appeared to have been cured by simple re- 
moval. The only indication of malignancy was the occasional occurrence of 
carcinoma in situ over the tumor. There was one case in the lingual group in 
which Dr. Custer thought that carcinoma in situ was a reasonable diagnosis, and 
there were 4 among the neurogenous tumors. 
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Hibernoma, Report of Case, Osbome A, Brines and (by invitation) M, Harvey 
Johnson, Detroit, Mich, 

Abstract. For many years the existence of brown multilobular fat in hiber- 
nating mammals and' some nonhibernating rodents has been recognized. These 
masses which are of considerable size have been given a variety of names, the 
best known of which are hibernating gland and interscapular gland. The hiber- 
nating gland is described as being yellowish brown, lobulated, somewhat re- 
sembling pancreas or salivary gland, and composed of coarsely granular or finely 
multilocular cells containing considerable protein but with a smaller fat con- 
tent than the cells of ordinary fat. Since 1905 approximately 6 neoplasms de- 
rived from this structure have been reported in the medical literature. In 1915 
Gery reported a case and proposed the name hibernoma, which has been accepted 
by later contributors. The literature also contains reference to several additional 
cases which seem to be reasonably authentic but which could be accepted only 
with reservation. Confusion exists over some “at3T3ical lipomas,” Attention is 
called to the similarity between this tumor and granular cell myoblastoma. 
It is reasonably possible that some of the former have been mistaken for the 
latter. Such possible confusion could be eliminated by the employment of fat 
stains in all granular cell soft tissue tumors, A case of a hibernoma occurring in 
the right scapular region in an i8-year-old female is reported. The specimen 
was a,nonencapsulated, somewhat flattened tumor measuring 10 by 4 by iz cm., 
which was grayish brown and composed of longitudinal parallel bundles having 
the general appearance of skeletal muscle. There was no recurrence at the end of 
I year. 

Discussion 

(Dr. Frank Dutra, Cincinnati, Ohio) Is there any relationship between these 
apparently benign tumors and the malignant liposarcomas? My comment is based 
on the fact that in benign lipomas foam cells are less common than in those 
with malignant potentialities. 

(Dr. Brines) It is true that foam cells are found in some lipomas. As far 
as I know, no hibernomas have been reported as malignant or have pursued a 
malignant clinical course. This patient I have observed only a short time and 
she has shown no evidence of recurrence. I think it is important, however, that 
these tumors be differentiated from the so-called atypical lipomas or possibly 
low-grade liposarcomas, and particularly from granular cell myoblastomas — a 
mistake which can be avoided very easily. 

Sclerosing Lipogranuloma. Hans F. Smetana and William G. Bernhard, Wash- 
ington, D.C. 

Abstract. The 8 cases presented were characterized by a peculiar tumor-like 
swelling, persisting from s weeks to 12 years, without systemic reaction. This 
condition occurred in males between the ages of 25 and 43 years and involved 
the scrotum, spermatic cord, or penis in 6 instances and the buttocks in 2. A 
history of trauma was recorded in 2 cases, while an inflammatory process of 
the penis preceded the appearance of the swelling in 2 others. No history of 
trauma was elicited in the remaining 4 cases. 

The clinical picture was that of progressive noninflammatory swelling com- 
patible with neoplasm. In 7 cases a cure was effected by surreal excision, but 
in one instance the swelling recurred several times despite surgical intervention. 
The “tumors” received at operation varied from 3 to 8 cm. in diameter and con- 
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sisted of fatty tissue, with partial substitution by fibrous bands containing cystic 

Sp3.C6S« 

Histologically, there was replacement of the subcutaneous fat tissue by fat 
globules of unequal size, separated by fibrous septa which were infiltrated by 
mononuclear wandering cells and a few eosinophils and polymorphonuclear 
leukocytes. Many of these fat globules were surrounded by multinucleated 
foreign body giant cells. The predominant cells were macrophages which had 
phagocytized fat droplets; small free fat droplets were present also in the fi- 
brous septa and in tissue spaces. Some of the vessels showed perivascular, pre- 
dominantly lymphocytic, infiltrations.. Fat droplets, free as well as surrounded 
by foreign body giant cells, were seen in perivascular and perineural lymphatics. 
Occasionally the parenchyma of regional lymph nodes was partly replaced by 
fat in macrophages, lining cells of sinuses, and foreign body giant cells. Fibrous 
tissue showing a tendency to hyalinization was present between the fat globules 
of the subcutis, roughly corresponding in amount to the age of the lesion; in 
chronic cases there was extreme hyaline scarring with foci of calcification. 

Histogenetically, the earliest lesion discernible was focal necrosis of some of 
the septa of the subcutaneous fat tissue with subsequent confluence of fat drop- 
lets to large, irregularly shaped globules. Inflammatory cells appeared and 
many of the free fat droplets were taken up by macrophages; some of these 
then migrated into the lymphatics and tissue spaces. Macrophages became so 
greatly distended by the engulfed fat droplets that their cytoplasm gradually 
disintegrated, again setting free the fat. By that time, foreign body cells had 
formed surrounding the fat globules. Neither fatty acid crystals nor soap forma- 
tion were observed. The size of the globules varied, the larger ones being small 
spaces, surrounded by numerous multinucleated giant cells. Fibroblasts and 
connective tissue elements became more and more evident, finally incarcerating 
the fat globules in scar tissue. 

The pathogenesis of this process is not clear. It appears, however, that certain 
injuries of the subcutaneous fat tissue may cause a profound local disturbance 
of fat metabolism in some individuals, which leads to liberation of fatty sub- 
stances acting as foreign bodies, with consequent foreign body reaction. This 
reaction is similar to that observed in the lungs in cases of lipoid pneumonia 
and in the pelvic tissues after uterosalpingography with lipiodol. There is also 
great similarity to the local histologic ' processes observed in Weber-Christian 
^sease and traumatic fat necrosis of the breast. 

Discussion 

(Dr. Lester S. King, Chicago, lU.) I should like to ask what Dr. Smetana 
considers the relation of this to Weber-Christian disease. 

(Dr. Wiley D. Forbus, Durham, N.C.) Dr. Smetana’s problem is very in- 
teresting to me, especially, because of the possible influence that fat may 
have over the motility of the reticulo-endothelial cell. We have been working 
recently on the effects of peanut oil in the lung, and we have found, quite con- 
trary to what Dr. Smetana has seen, that the peanut oil, although phagocytosed, 
remains in the lung and is not transported to the lymph nodes. I ^yonder if t e 
fats which were present in Dr. Smetana’s materials are more effective in stimu- 
lating the movement of phagocytic cells than other forms of fat. In Whipples 
disease, about which you will hear in the next paper, the fat appears in a 
strange form in macrophages in the intestinal mucosa. That fat stirnulams t e 
movement of the macrophages to an extraordinary degree, and you will "”0 “ 
the lymph nodes of the mesentery great quantities of these fat-laden cells, but 
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the fat now has assumed a new form which provokes a marked reaction exactly 
like that which Dr. Smetana has shown. I wonder if Dr. Smetana will comment 
on the stimulative properties of different types of fat. 

(Dr. Smetana) I consider the local histologic changes seen in Weber- 
Cfaristian disease practically identical with those present in sclerosing lipogranu- 
loma. The disease is, of course, differentiated from sclerosing lipogranuloma 
by its clinical features. In addition, while the lesions in Weber-Christian disease 
will disappear after some time with local atrophy of the involved fat tissue, we 
have not seen this course in lipogranuloma. 

As to the influence of different fats on the activity of macrophages, I be- 
lieve the paper by Henry Pinkerton (The reaction to oils and fats in the lung, 
Arch. Path., 1928, 5, 380-401) deals with this subject. He described the deposi- 
tion of animal and mineral oils in bronchial lymph nodes after intratracheal in- 
stillations, while vegetable oils were not transported to the lymph nodes. This 
may be related to the absence of specific lipases for mineral and vegetable oils 
in the animal body. The transportation of fat to the regional lymph nodes in 
cases of human lipogranuloma is therefore the more remarkable since this phe- 
nomenon indicates absence of splitting of autogenous fat. It may be suggested 
that a subtle chemical change of the subcutanous fat occurs during its extrusion 
from the normal fat cells which renders it resistant to splitting; however, in the 
absence of chemical studies, this can only be assumed. 

Lipodystrophy Intestinalis (Whipple’s Disease). B. Black-Schaffer, and (by 
invitation) J. P. Hendrix and P. Handler, Durham, N.C. 

Abstract. The pathologic anatomy and physiology of lipodystrophy intestinalis 
(Whipple’s disease) is re-examined in the light of 4 new cases. The disease may 
be recognized by nonlipid macrophagocytosis of the lamina propria of the small 
intestine and occasionally the proximal colon, lipogranulomatosis of the mesen- 
teric and draining lymph nodes, and the absence of significant evidence of chylous 
obstruction. Because of the uniform absence of chylous obstruction, the pres- 
ence of steatorrhea, and poor glucose absorption (glucose tolerance tests) it is 
postulated that, as in sprue, lipodystrophy intestinalis is produced by a func- 
tional defect of the enteric epithelium resulting in decreased ability to absorb 
fats as well as glucose and possibly proteins. 

Lipodystrophy intestinalis differs from sprue in that it is marked by pathogno- 
monic anatomic changes and does not result in the development of macrocytic 
anemia. 

The nature of the nonsudanophilic material in the intestinal lamina propria 
and the lymph nodes is unknown. As preserved (Kaiserling’s solutions), it 
cannot be identified chemically as lipid. 

It is suggested that because of the high incidence of fibrous pericarditis and 
arthritis that "Whipple’s disease may be the sequel to an as yet unidentified sys- 
temic illness characterized by inflammation of the serous membranes. 

Discussion 

(Dr. V. H. Cornell, Washington, D.C.) We have had a case very similar to 
his which I should like to add to Dr. Black-Schaffer’s series. I will call attention 
to two features which he has already demonstrated: one is the nonlipid macro- 
phagocytosis of the intestine by the reticulo-endothelial cells and the other is 
the tumor-like growth in the lymph nodes. The authors, like myself, were un- 
able to demonstrate the lipids which we expect in "Whipple’s disease, but we 
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arrived at a slightly different conclusion, in that they conceived it as an in- 
herent inability of the reticulo-endothelial system to take care of the fat that 
is brought to it, and therefore the disease is really a reticulo-endotheliosis, in 
wnich the cells are biologically deficient, 

(Dr. Arthur C. Allen, New York, N.Y.) With regard to Dr. Black-Schaffer’s 
theory of disturbed glucose metabolism as a factor in Whipple’s disease, I 
should like to ask if he has had the opportunity to do histologic phosphatase 
studies in these cases. 

(Dr. Black-Schaffer) We have not done any phosphatase studies in these 
cases. We should like to point out that phosphorylation is not always an es- 
sential step in absorption of carbohydrates. Fourman, utilizing xylose, has pub- 
Kshed this fact in a recent issue of Clinical Science. I would hesitate to accept 
Whipple’s disease as an example of a primary reticulo-endotheliosis. We believe 
it to be an example of nonlipid and, in the lymph nodes, lipid phagocytosis, 
secondary to;a functional defect of the enteric epithelium. There does not ap- 
pear to be any disturbance of the reticulo-endothelial cells. 

Factors Influencing the Pathogenesis of Experimental Ovarian Tumors 
IN Rats. G. R. Biskind, and (by invitation) R. Pencharz and M. S. Biskind, 
San Francisco, Calif., and New York, N.Y, 

Abstract. The hormonal imbalance that follows transplantation of an ovary 
into the spleen of a castrate rat initiates the development of a luteoma through 
stages of continuous formation and enlargement of corpora lutea. After a pro- 
longed period a granulosa cell tumor appears in the luteoma. These tumors do 
not appear if the rat is hypophysectomized. In rats that retain one normal 
ovary and that have the other ovary transplanted to the spleen, the trans- 
planted ovary atrophies and the normal ovary hypertrophies. If the normal 
ovary is removed after the ovary in the spleen has imdergone atrophy, the latter 
resumes growth and progresses through the stages of continuous luteal forma- 
tion and enlargement as noted in the original tumors. 

Discussion 

(Dr. Howard T. Karsner, Cleveland, Ohio) Naturally I am deeply interested 
in this excellent study. Has time permitted determination of whether these 
tumors are transplantable? 

(Dr. Russell L. Holman, New Orleans, La.) Were any feminizing charac- 
teristics associated with these tumors, or couldn’t you tell about that? 

(Dr. Lester S, King, Chicago, HI.) Were any vaginal smears made? 

(Dr. Antonio Rottino, New York, N.Y.) Is it possible to transplant the 
ovary of one animal into the spleen of another animal? 

(Dr, Biskind) In answer to Dr, Karsner’s question, we have some studies 
on transplantability, but they are not complete. It is extremely difhcult to 
transplant the tumors that develop in rats; however, the tumors that develop 
in mice are readily transplantable. I have not completed oiur experiments on 
anterior chamber transplantations. 

The feminizing effect occurred in some granulosa cell tumors. These tumors 
elaborated so much estrogen that it passed through the hver and produced 

comification of the vagina and uterus. . , , it 

Vaginal smears are performed routinely. In the first penod after tranplanta- 
tion the predominant cells were leukocytes, occasionally epithehal cells were 
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evident. Later, as the granulosa cell tumor is developing, a smear composed of 
comified epithelial cells may replace the castrate smear. 

The transplantation of the ovary of one animal to the spleen of a castrate 
rat, male or female, is readily accomplished and all transplants “take.” 

Virilizing Hiltts Cell Tumors op the Human Ovary with a Review of 
Ovarian Hilus Cells and Evidence op Their Androgenic Function. 
William H. Sternberg (by invitation). New Orleans, La. 

Abstract. The hilus of the adult human ovary normally contains nests of cells 
morphologically identical with Leydig cells and whose function is probably andro- 
genic. The morphology of these cells (originally described in detail by Berger) 
is discussed and their relationship to nonmyelinated nerve and vascular spaces 
emphasized. Particular 5tress is placed upon the finding in the cytoplasm of 
crystalloids of Reinke, structures considered specific for Leydig cells. Two in- 
stances of tumors of these cells with masculinizing syndromes are presented. 
One similar well established case exists in the literature, but probably others 
have been misdiagnosed. Two additional cases of giant ovaries with stromal 
hyperplasia and clinical masculinization, in which the hilus cells were increased 
in number, are presented. There is also evidence that these cells respond to 
chorionic gonadotrope. 

Discussion 

(Dr. Jacob M. Ravid, New York, N.Y.) Was any biochemical work done on 
these tumors, and what specifically is the difference between them and those 
of the clear cell group which are also virilizing in nature, and for which Rottino 
and McGrath created the term of “masculinovoblastoma”? 

(Dr. A. R. Kantrowitz, Brooklyn, N.Y.) Were any polarizing microscope 
studies performed on frozen sections of the tumors and normal control ovaries? 

(Dr. Sternberg) In answer to Dr. Ravid’s first question, not many histo- 
chemical studies have been done on this curious group of cells. The Feulgen- 
Veme reaction is positive as it is in the Leydig cells of the testis. I am not 
aware of any additional studies of a chemical nature that have been done on 
these cells. Additional studies are being done. 

We feel that this group of virilizing hilus cell tumors is different from the so- 
called group of masculinovoblastomas. The hilus cell tumors derive from spe- 
cific cells present in the normal ovarian hilus, which have all the morphologic 
characteristics of Leydig cells, including the unique crystalloids of Reinke. This 
is, then, a specific tumor derived from a single cell t3q3e normally present in 
the ovary. I have no doubt that some instances of masculinizing tumors, classi- 
fied in the literature as masculinovoblastomas, adrenal. rest tumors, and luteomas, 
may have been misdiagnosed and are in reality tumors of this type. I believe 
that there is such a thing as an adrenal rest tumor but that it is morphologically 
distinct from hilus cell tumors. 


. Pigmented Nevus: Factors of Age and Anatomical Site. Herbert Z. Lund 
and (by invitation) G. Dorr Stobbe, Cleveland, Ohio. 

Abstract. To establish a basis of comparison in the study of melanoblastomas, 
200 pigmented nevi, selected from four general cutaneous sites, were divided ac- 
cording to age intervals. Lentigo and blue nevi were excluded. Of the features 
studied only a few can be presented. 
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Although origin from and relationship to follicles and sweat glands, besides 
the epidermis, influenced shape, depth, and pigmentation of nevi, it was found 
that nevi from all_ sites followed the same general pattern of development. In 
early life proliferation of cells in the epidermis, dermo-epidermal junction, follicles 
and sweat glands is seen and, as a trend, there was diminution in later years both 
in degree and in percentage of nevi showing it. In successive decades of life 
the percentages of nevi showing moderate to marked proliferation were; 90, 44, 
IQ) IQ) 6) 7 ) and o. The last figure represents all cases above 60. There was no 
abrupt cessation at a given age. The figures indicate either persistence of junc- 
tional proliferation from birth or incipience in any of the age intervals. Other 
histologic features are helpful in the distinction. 

Traub and Keil doubt that junctional proliferation is part of the developmental 
process of benign nevi and give it the special significance of indicating a process 
which is “potentially malignant (precancerous) whether it arises early or late in 
fife.” pie above data contradict this. It is part of the developmental process 
of benign nevi. Although melanoblastoma may have origin in a similar site, 
such a diagnosis requires other considerations and evidence. 

The percentages of nevi in successive decades of life showing any mitotic 
figures at all were: 20, 12.5, 6, o, 3, o, and 0. The last figure represents all 
cases above 60. Mitosis, always uncommon, was found more often in childhood 
and youth, and occurred in the junctional as well as in the deeper cells. 

As the junctional cells proliferate they migrate from the site of origin and 
differentiate to the usual “nevus cells.” The accumulation of nevus cells sepa- 
rates epidermis from corium. Often proliferation about follicles and sweat 
glands occurs deeply in the corium. The cells become more fusiform and fibril- 
lar with age. The percentages of nevi in successive decades of life showing 
much fibrillar proliferation were: 10, 25, 45, 58, 71, 79, and 100. The last figure 
represents all cases above 60. 

Parallel with the increase of fibrils is the appearance of nerve-like elements. 
The percentages of nevi in successive decades of life showing such were: 0, o, 
13, 14, 26, 48, and 56. The last figure represents all cases above 60. Thus, the 
“neuro-nevi” are appearances in later stages of development. 

It is seen that many of the so-called “types” of nevi are actually nevi in 
various phases of development. From a consideration of the features discussed, 
nevi can be classified as young, intermediate, or old. 

Although there were variations in certain features of nevi according to ana- 
tomical site, this cannot be discussed in this limited presentation. 

Discussion 

(Dr. Arthur C. Allen, New York, N.Y.) I should like very strongly to en- 
dorse Dr. Lund’s plea for a re-examination of the whole field of nevi and mela- 
nomas. On the other hand, in anticipation of work just completed by Dr, Spitz 
as W'ell as by myself, and in view of the seriousness of the probleni, it might 
be worth recording some disparity regarding one or two of the basic features 
which Dr. Lund postulated. It is beginning to be a fairly well known fact that 
metastasizing melanomas in children are extraordinarily rare; they occur, but they 
are rare. Nevertheless, as indicated by Dr. Spitz,* the histologic picture of the 
benign juvenile melanoma may be indistinguishable from those melanomas that 
kill after puberty. We feel most positively that the so-called juncUonal change 
after puberty acquires a peculiar and different significance and virulence that it 
does not have prior to puberty, and if disregarded, may lead to tragic develop- 
ments, It is just this kind of junctional change that occurs almost constantly in 

*Am. J. Path., 1948 , 24 , S 91 - 609 . 
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the pigmented lesions of the soles of the feet in adults — a common site of mela- 
nomas notwithstanding the virtual absence of the ordinary intradermal nevus in 
this location. 

(Dr. Lund) This presentation is, of course, over-simplified. I could not go 
into some of the problems which Dr. Allen raised. I will stress, however, that the 
finding of junctional proliferation alone does not label a nevus as being malignant. 
We have been disturbed by what appear to be young nevi — ^in some instances 
consisting of only junctional and intra-epidermal cells with practically no further 
differentiation — occurring in persons 20, 30, and 40 years of age. This problem 
is the subject of further analysis and is one of the reasons we undertook this 
investigation. Perhaps Dr. Spitz does have the answer and we anticipate the 
forthcoming publication. The distinction of benign and malignant may be equivo- 
cal, but so far in the series of melanoblastomas with metastasis that we are 
collecting, there have been deviations in the primary lesions from the pattern of 
development I have described for benign nevi. 

The factors of anatomical location could not be given for want of time. The 
general scheme of development of nevi was similar, however. Neuroid elements, 
often considered peculiar to the scalp, were found in other anatomical sites, in- 
cluding the distal parts of the extremities. 

Histogenesis of Myositis Ossificans. Lent C. Johnson (by invitation), Wash- 
ington, D. C. 

Abstract. Seventy cases of myositis ossificans were studied for correlation of 
duration with changes in the histologic picture. A zonal pattern was apparent in 
almost all lesions and was present invariably during the first 3 months. In the 
earliest lesions there was an outer zone of damaged muscle, a broad intermediate 
zone of gelatinous myxomatous tissue, and frequently a central focus of hemor- 
rhage and debris. The intermediate zone quickly differentiated into two layers: 
The outer layer produced a matrix of chondroid and osteoid character and showed 
great cellular activity resembling the picture seen in bone sarcoma; later, cellular 
activity subsided, leaving an outer shell of mature cortex-like bone with a sub- 
jacent layer of cancellous bone. The inner layer of the myxomatous tissue was 
composed of vascularized sheets of spindle cells with the subsequent development 
of giant cells, so that histologically this zone simulated a malignant giant cell 
tumor of bone. Later the giant cells disappeared and the sarcoma-like spindle 
cells differentiated into an areolar connective tissue which at times suggested 
fibrous dysplasia. Gradually this connective tissue retracted from the center to 
leave a cavity which tended to enlarge. The end-stage may be a hollow sphere 
or tube of bone, lined by velvety, relatively acellular, loose connective tissue. 

In general, the histologic appearance of all lesions during the first month 
strongly suggested a malignant neoplasm. During the second month, about half 
of the lesions continued to appear malignant, while the rest appeared benign. With 
very few exceptions, all lesions after the third month could clearly be identified 
as benign. 

A similar zonal pattern with gradual transformation from a process which ap- 
peared histologically malignant to one that was clearly benign could be seen in 
the so-called “subperiosteal giant cell tumor” or “ossifying periosteal hematoma.” 
In the majority of these lesions there was evidence that damaged muscle had 
participated in the process, thus indicating that many were a form of myositis 
modified by close association with the periosteum. 
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A Study of myositis ossificans in its earliest manifestations and of the changes 
in skeletal muscles foUowing crushing injury suggested that the proliferating 
spindle cells -which produced the myxomatous pattern and matrix probably origi- 
nated from the sarcolemmal sheaths of the partially damaged muscle. In 3 cases, 
lesions -with many of the features of early myositis ossificans tended to behave as 
sarcoma, -with recurrence or apparent invasion. In these cases the zonal pattern 
of gro-wth -was greatly disrupted and the malignant appearance of the cells per- 
sisted far beyond the time -when the change to a bem'gn form had occurred in 
the rest of the cases in this study. 


SYMPOSIUM ON BONE DISEASES 

Skeletal Reflections of Disordered Metabolism,* Henry L Jaffe New 
York, N. Y. 

The Skeletal Changes in Albright’s Disease. H. Edward MacMahon, Boston, 
Mass. 

Abstract. In 1937, Albright, Butler, Hampton, and Smith described a syn- 
drome now known as Albright’s disease. This was characterized by the presence 
of multiple bone lesions, areas of skin pigmentation, and precocious puberty in 
females. They suggested the term “osteitis fibrosa disseminata” to distinguish 
the skeletal changes in this s3mdrome from those associated with hyperparathy- 
roidism. A year later Lichtenstein, in stressing the already confused nomenclature 
of bone diseases, introduced the term “polyostotic fibrous dysplasia” to designate 
what he considered to be the same bone lesion. Lichtenstein emphasized that the 
specific changes in the bones can occur alone, and usually constitute the sole dis- 
order, but he admitted that the same bone changes could be found in association 
■with skin pigmentation, precocious puberty, and other abnormalities. Since then 
the term polyostotic fibrous dysplasia has become modified to “fibrous dysplasia 
of bone,” but in this metamorphosis the original conception as a disease of bone 
has become greatly expanded, so that cases formerly considered as instances of 
Albright’s s3mdrome have now come to be regarded as “florid” or “full blown” 
expressions of this elementary skeletal disorder. Naturally this has created some- 
what of a dilemma both in terminology and in interpretation, for it does seem to be 
somewhat unreasonable to use the same term to denote on the one hand a dis- 
ease that may be characterized by nothing more than a solitary bone lesion and, 
on the other hand, to designate a disease that can involve every system in the 
body — even though a specific skeletal lesion may be common to all cases. 

I have had the opportunity to study the skeletal system of a girl, 9 years of age, 
who died -with the clinical diagnosis of Albright’s syndrome. Because the study 
of this child during life by Albright and many others from the age of 6 months 
to her death was in large measure responsible for the conception of Albright’s 
syndrome, it seems justifiable in a Symposium on Bone Diseases such as this, to 
report the skeletal findings. 

Instead of a single type of skeletal lesion, there were three separate and^ distinct 
bone changes. First, and most striking, was the osteitis fibrosa disseminata or 
fibrous dysplasia that by x-ray and also by autopsy, as far as could be deter- 
mined, involved every bone in the body. Secondly, there was a disturbance in 
epiphyseal growth involving both bone and cartilage; and lastly, there was wide- 
spread bone atrophy. 


* By invitation of the Council. 
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The first of these, which in some respects was the most striking feature of the 
entire syndrome, showed many of the gross and histologic features of both fibrous 
dysplasia and osteitis fibrosa cystica associated with hyperparathyroidism. The 
bones were deformed, .lighter in weight, softer in consistency than normal, and 
could be easily broken. There were signs of old and more recent fractures. In 
many bones the normal pattern of cortex and medulla was partially or completely 
replaced by areas of firm, rubbery, gritty, gray fibrous tissue. The histologic 
changes in such areas were characterized by a progressive replacement of normal 
bone and bone marrow by fibrous tissue, cartilage, osteoid tissue, m3ucomatous 
tissue, and new bone. 

The second type of bone lesion was centered in and about the epiphyseal car- 
tilage. In some areas the epiphyseal lines were nearly normal, but in many places 
they were ragged and uneven and blunt tongues and long finger-like projections 
of cartilage extended deeply into the adjacent diaphysis. In other areas segments 
of epiphysis had completely disappeared, allowing the epiphyseal and diaphyseal 
bone to fuse prematurely. Still another change involving cartilage was a cessa- 
tion of skeletal growth with the apposition of well formed bone plates in areas 
where active endosteal cartilaginous' osteogenesis should at her age be taking 
place. 

The third change affecting the skeletal system was characterized by atrophy and 
osteoporosis. This was most clearly seen in the cortex in areas entirely free of 
fibrosis. In such fields dilated haversian canals were filled with actively hemato- 
poietic marrow. 

Of these three changes, the fibrous dysplasia was by far the most striking. It 
is of particular interest -that there were -many histologic features in common with 
both fibrous dysplasia and hyperparathyroidism. At first, this might suggest a 
unique condition, but the finding of four enlarged parathyroid glands composed 
of an almost solid sea of cells, of which many were of the water-clear type, could 
possibly explain this unusually complex and apparently “combined form” of bone 
lesion. 


Discussion 

(Dr. Louis Lichtenstein, New York, N. Y.) There are so few autopsied cases 
of fibrous dysplasia of bone on- record, or of Albright’s S3mdrome, if you wiU, 
that this contribution of Dr. MacMahon’s is a very important one. It was ex- 
tremely interesting, therefore, to follow the whole gamut of skeletal changes^ 
which he described, though it is a pity that the limitation of time caused him to 
rush through them so quickly. In the main, the skeletal findings which Dr. Mac- 
Mahon described are in accord with the changes Dr. Jaffe and I have observed 
in less severe cases of fibrous dysplasia affecting one, several, or many bones, 
with or without associated pigmentation and various endocrine disorders. The 
features suggesting hyperparathyroidism, on the other hand, we have not en- 
countered, but then we have not had the fortunate opportunity of examining 
any of these extremely severe cases at autopsy. I should like to ask one specific 
question in regard to the distribution of cartilage foci within the interior of the 
affected bones; Were they all found in the neighborhood of the plate regions, so 
one might assume they represent fragments of pinched-off cartilage, or were some 
of them found well dowm the marrow cavity, so that one would have to explain 
them on some other basis, such as an integral feature of the skeletal dysplastic 
condition? We were already aware of the presence of such cartilage foci when we 
published our first paper on fibrous dysplasia of bone and, indeed, suggested at that 
time tliat this disorder represented a developmental anomaly in a sense related 
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to skeletal enchondromatosis, and that the two conditions might be regarded as first 
cousins. 

. (Dr. Joseph E. Pritchard, Montreal, Canada) Were there any kidney changes 
or any renal insufficiency in this case? 

(Dr. MacMahon) In answer to Dr. Lichtenstein’s question about the distribu- 
tion of cartilage, there were large islands of hyaline cartilage in the immediate 
vicinity of epiphyseal lines, but there were larger islands far removed from these 
areas, particularly at sites of earlier fractures. Perhaps most interesting were the 
islands of cartilage within the substance of the calvarium which, being a membrane 
bone, is ordinarily free of cartilage. Cartilage adjacent to the epiphysis appeared 
to be of epiphyseal origin, whereas cartilage forming in the shaft seemed to 
arise locally, being formed directly by endosteal fibrous tissue or indirectly through 
the formation of a chondroid mucinous ground substance. The fate of the cartilage 
was as interesting as its origin. Some islands composed of hyaline cartilage showed 
no sign of change; some showed maturation, marginal calcification, and enchondral 
ossification; others showed direct metaplasia to bone and still others showed 
marginal resorption by growing fibrous tissue and multinucleated chondroclasts. 

In answer to Dr. Pritchard’s question, the kidneys were well preserved and 
showed no sign of renal decompensation. Like so many of the organs of this 
child, the kidneys did show developmental anomalies, but they were relatively 
insignificant and consisted of a few minute pyramidal cysts. 

Neurofibromatosis and Its Relationship to Certain Diseases of Bone. 

Ernest Aegerter, Philadelphia. Pa. 

Abstract. Neurofibromatosis is a condition characterized by multiple nodules 
of fibroblastic hyperplasia of nerve supportive tissue. It is variably associated 
with a number of lesions in bone; scolioses, asymmetric h3q3ertTophy, and focal 
neurofibromas usually misdiagnosed as bone cysts. It or its associated conditions 
accompany congenital pseudo-arthrosis and fibrous dysplasia in a relatively high 
incidence. 

The contention that fibrous dysplasia is a manifestation of neurofibromatosis 
has been ably refuted by Jaffe. In this paper the author challenges the widespread 
belief that congenital pseudo-arthrosis is caused by a neurofibroma growing in 
and destroying bone substance. The clinical behavior of pseudo-arthrosis and its 
gross and microscopic characteristics are cited to show that it is a dysplasia of 
cortical bone and callus formation. 

It is suggested that all the above conditions, including neurofibromatosis, are 
dysplasias rooted in defective mesenchymal germ plasm. The character of each 
lesion is apparently conditioned by the modifying influence of its tissue environ- 
ment. • Treatment, especially of pseudo-arthrosis, should be designed on this basis. 
A described successful method appears to substantiate this impression. 


Pathologic Changes Found in Curettings from the Head of the Femur in 
31 Cases of Osteochondritis Deformans Juvenilis (Legg-Calve-Perthes’ 
Disease). Samuel R. Haythom, Pittsburgh, Pa. 

Abstract. The materials examined were curettings from the head and neck 
of the femur in 31 cases of Legg-Calv6-Perthes’ disease. In 1939 P. B. Steele 
reported a series of cases on which he had operated to hasten heahng m Perthes’ 
disease by opening the hip joint, drilling into the head of the femur, removing the 
diseased contents, and filling the cavity with curls of bone from the femoral neck. 
The purpose was to remove debris, support the head with bone grafts, and sUmu- 
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late healing. Thirty-one of 32 clinical cases showed practically the same pathologic 
changes and varied only in the degree and amount of change. Constant findings 
were aseptic necrosis or necrobiosis, compression of the various bony elements, 
and incomplete healing processes which were apparently going on concurrently 
and to little purpose. The necrosis involved all of the tissues present to varying 
extents and included destruction of marrow with bony trabeculae recognizable, 
but without nucleated osteocytes or osteoblasts. Cartilage showed fragmentation, 
degeneration, and imperfect ossification. The larger bits of cartilage had lost 
nuclear polarity and the chondrocytes were arranged as constellations of many 
patterns. Side by side with the degenerated areas were bizarre islets of healing 
including simple fibrous replacements of marrow stroma which was infiltrated 
sparsely with lymphocytes and occasional leukocytes. The connective tissue tended 
to form miniature cysts with foreign body giant cells in their walls. Areas of 
osteogenesis and osteoclysis were jumbled together and the normal line of ossifica- 
tion of the epiphyseal cartilage was lost. Vascular changes were on the progressive 
side. Disproportionately larger arterioles with proliferative endarteritis were some- 
times seen. The lesions are interpreted by tlie author as being due primarily to 
nutritional disturbances associated with vitamin and growth hormone deficiencies. 
The changes weaken the resistance of the femoral head, and the superimposed 
minor injuries of weight bearing and frustrated attempts at repair complete the 
picture. _ 

Histochemical Studies on Cartidage and Bone. Richard H. Follis, Jr., and 
(by invitation) Morgan Berthrong, Baltimore, Md. 

Abstract. Although numerous isolated observations on certain histochemical 
reactions in cartilage and bone have been recorded, no integrated studies have 
been carried out. We have felt it desirable to determine the normal histochemical 
pattern in cartilage and bone in order to prepare for a study of changes in the 
skeleton produced experimentally by means of vitamins and hormones and bone 
disease in man. 

Observations have been carried out on fresh, free-hand tissue slices and undecal- 
cified sections fixed in various ways. The distribution of the following substances 
has been studied: cytochrome oxidase, succinic dehydrogenase, citric acid dehydro- 
genase, alkaline phosphatase, iron, glycogen, mucopolysaccharides, desoxyribose 
nucleic acid, ribose nucleic acid, neutral fat and ascorbic as well as oxidation-reduc- 
tion potentials. Certain of the results are as follows. Succinic dehydrogenase is 
present in cartilage, being particularly prominent in cell nuclei. We have 
not been able to estimate quantitative differences in relation to matura- 
tion of cartilage cells. The osteoblast is rich in cytochrome oxidase as indicated 
by the nadi reagent. Cartilage does not appear to contain this enzyme. Sections 
stained by toluidine blue show intense metachromasia of the cartilage matrix 
material as well as the organic portion of bone, osteoid. Glycogen can be 
demonstrated in osteoblasts and osteocytes as well as in cartilage cells. The only 
structures giving a positive Feulgen reaction are the nuclei of cartilage and bone 
cells. This may be destroyed by incubation with desoxyribonuclease. Colchicine 
brings out the striking proliferative activity of growing cartilage. 

Fibrous Dysplasia of the Mandible and Maxilla. A. R. Crane and (by invita- 
tion) J. R. Wolgamot, Philadelphia, Pa. 

Abstract, Eleven cases of monostotic fibrous dysplasia, 6 of the mandible and 
5 of the maxilla, have been studied. These show the same feminine predominance 
as the polyostotic form, 8 occurring in females. Four were in Negroes. Patients 
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varied from 9 to 56 years of age at the onset. Swelling was the presenting 
symptom in each case. A history of trauma was given by 4 patients, but this was 
insignificant in degree. Two cases showed abnormal but slight skin pigmentation. 
Sexual precocity, genital abnormalities, or precocious skeletal growth were not 
present. Radiologically, there was focal rarefaction of the mandible or maxilla 
or increased density in the maxillary sinus. Histologically, all showed fibrous re- 
placement of old bone \vith membranous new bone formation. Osteoclastic giant 
cells were present in relation to bone destruction or production, and were a minor 
part of the picture. Rare, small cystic zones were present in some cases; car- 
tilage was absent. Similar histologic changes were seen in cases of lues, radiculo- 
dental cysts, benign giant cell tumors, myositis ossificans of the masseter muscle, 
and epulides, but these had other identifying features. Ossifying fibroma was not 
distinguishable from the cases of fibrous dysplasia. Chemical studies (calcium, 
phosphorus, and alkaline phosphatase) were normal in every case. Patients were 
treated by curettage or simple re-establishment of normal contour, and are living 
from a few weeks to 10 years without progression of the abnormality. Lesions of 
other bones or fractures have not occurred. These findings suggest that there is 
no line of distinction between monostotic fibrous dysplasia, polyostotic fibrous 
dysplasia, and ossifying fibroma. 

Chondromyxoid Fibroma of Bone. Louis Lichtenstein, New York, N.Y. 

Abstract. This paper deals with a peculiar benign tumor of bone, which seems- 
not to have been generally recognized in the past as a distinctive neoplasm, al- 
though it appears likely that single instances of it have been reported as en- 
chondroma or myxoma and their malignant counterparts. Our interpretation of 
the lesion is that of a peculiarly differentiated, connective tissue tumor exhibiting, 
in the course of its evolution, certain chondroid and also myxoid traits which hall- 
mark the lesion cjd^ologically. It is composed basically of cells lying loosely in a 
myxoid intercellular matrix which, as the tumor matures, may undergo substantial 
collagenization. The tissue of any particular tumor may also come to simulate 
cartilage tumor tissue in some or many fields; and, in its gross appearance, it 
likewise bears a certain resemblance to cartilage. The presence of smaller or 
larger numbers of tumor cells exhibiting nuclear at3T>ism may cause the lesion to 
appear more ominous than we know it to be, explaining why it may come to be 
overdiagnosed as a malignant tumor, and particularly, as chondrosarcoma. 

Our experience with this tumor to date comprises 8 cases, and we have en- 
countered it thus far only in one or another bone of a lower limb, and specifically, 
in the femur, the tibia, and some of the foot bones. Within the femur or tibia, 
the lesion was found consistently in the metaphyseal area adjacent to the knee 
joint. Most of the patients were adolescents or young adults, though some were 
older. The lesion, as a rule, evolves slowly and is often of some months’ or even 
a few years’ standing before surgical intervention is sought. The roentgenographic 
picture has a certain distinctiveness, at least when the lesion is in a long bone 
and has attained appreciable size, although its differentiation^ at times from bone 
cyst, enchondroma, or a focus of fibrous dysplasia may be difficult without tissue 
examination. The tumor is apparently entirely benign and does not tend to recur 
after mere curettage, even without supplementary radiation. While the tumor is 
not a particularly common one, its recognition is of some importance in that, 
pathologically, it may readily be mistaken for a sarcoma, and, as such, treated 
more radically than is necessary. 
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Discussion 

(Dr. V. H. Cornell, Washington, D.C.) I would like to ask how Dr. Lichten- 
stein tells them apart. 

(Dr. Lichtenstein) Tells what apart? 

(Dr. Cornell) The ones that are going to be benign, and those which are 
going to be malignant. What I mean is this. You have said many of these would 
be mistakenly diagnosed, and I agree with you. We usually consider myxomatous 
tissue rather a dangerous thing to play around with. Naturally your history of 
the cases indicates they are benign. Were there mitoses? Is all the tumor such 
as we saw on the screen, or is some more abnormal and the cells more irregu- 
lar? Is there anything to make the differentiation between the benign and the 
malignant? 

(Dr. Joseph E. Pritchard, Montreal, Canada) Is this tumor any different than 
the common chrondromyxoma? Certainly some of them are excentric, but it 
seems to me that the appearance is very much the same, only some of them are 
endosteal and some periosteal. 

(Dr. Lichtenstein) In reply to Dr. Cornell’s question, I venture to state that 
if you were to see an instance of this particular tumor for the first time or 
perhaps even for the second time, you might very well fall into the error we 
ourselves did when we first encountered this lesion. As I remarked, the first 
two cases which Dr. Jaffe and I encountered were called chondrosarcoma 
initially. Indeed, it was only on reviewing all the relevant lesions against a 
background of genuine chondrosarcoma material that we appreciated distinct 
cytologic differences. Furthermore, we discovered in our follow-ups that the 
patients in question showed no tendency to local recurrence even after simple 
curettement. In selecting the photomicrographs I attempted to illustrate various 
cytologic features of the lesion, and the over-all impression thus created may 
have been that of a lesion of rather variegated appearance. Actually, the tumor 
under discussion has a distinctive cytologic picture which is rather easy to rec- 
ognize if one is familiar with it. To one who is not familiar with it, the cyto- 
logic picture may be misleading and create a false impression of malignancy. 
If this presentation is instrumental in preventing a half dozen or more needless 
amputations, I think it will have served a useful purpose. We know that the 
tumor is benign on empirical grounds, for it seems reasonable to assume that 
when a lesion is treated by simple curettement and does not recur during the 
ensuing 6 or 7 years, that it is clinically benign, no matter what its cytologic 
character may be. In other words, we must judge the tumor by what it does, 
rather than by what it looks like. 

As to the question raised by Dr. Pritchard, there are distinct gross and micro- 
scopic pathologic differences between the appearance of this tumor and the com- 
mon garden variety of enchondroma, although it is true that roentgenographic- 
ally one cannot always distinguish them with assurance. 

Ewing’s Tumor or Bone. Horace K. Giffen, Youngstown, Ohio. 

Abstract. In 1922 Ewing described a primary malignant bone tumor which is 
found in children mainly. He called it “diffuse endothelioma of bone.” The first 
evidence of the disease is usually associated with fever, pain, tenderness, and 
occasionally leukocytosis. The primary site is often in the diaphysis of a long 
bone. There is marked osteolysis with spread along the shaft, cortical de- 
struction, expansion, and perforation. Through the blood stream other bones, oc- 
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casionally regional lymph nodes, and eventually the lungs may be involved. 
There is marked temporary response to radiation. Current opinion favors consider- 
ing these tumors as malignant reticulomas or reticulosarcomas. 

Two examples of this clinical entity follow. The first was a 13-year-old boy, 
who began to complain of pain in the upper right thigh in mid-July of 1945. 
While playing baseball on August 9th he fractured his femur without direct 
trauma. Roentgenography and biopsy showed endothelial myeloma. Radiation 
gave temporary relief, but by January of 1946 headaches had begun. During 
the following months spread of tumors progressed until his death on September 
17, 1946. 

The second case was a i6-year-old girl who complained of her left shoulder 
in May, 1946. For about 2 months a chiropractor treated the shoulder for 
“dislocations.” Admitted to our hospital in mid-July, biopsy and roentgenologic 
examination revealed endothelial myelomatous involvement of the left scapula. 
No other bony lesions could be found at that time. But by September '13th 
there was evidence of metastasis in the 3rd lumbar vertebra. During the follow- 
ing weeks she became emaciated, anemic, febrile, and blind in the left eye. She 
died on November ii, 1946, or about 6 months after the first symptoms. 

Discussion 

(Dr. Osborne A. Brines, Detroit, Mich.) Was there any adrenal involvement 
in either one of these cases? 

(Dr. Alfred Angrist, Jamaica, N.Y.) The question of neuroblastoma I think 
deserves some stressing here, because sometimes the primary can be rather small 
and stUl originate from the usual or an unusual site for the neuroblastic tumors 
or the less differentiated forms of ganglion cell tumors. It has been my experi- 
ence that though Ewing’s tumor is a common surgical diagnosis, this diagnosis 
is uncommon at autopsy, and this has been true even when the diagnosis has 
been established by eminent authorities. We have established a rule that the 
surgical diagnosis of Ewing’s tumor in a youngster requires ruling out a neuro- 
blastoma, and in an adult requires ruling out a bronchogenic carcinoma. In 
every case, and we have had about a dozen in which the diagnosis of Ewing’s 
tumor was made clinically, autopsy showed one or the other of these tumors. 

(Dr. Giffen) The first case did show a metastatic lesion in one of the ad- 
renals. It was in the adrenal cortex with no involvement of the medulla. We 
looked in vain for other lesions of the S5anpathetic nervous system or any other 
lesion which might have been the primary tumor. The first case had multiple small 
lesions in both lungs, small intestine, pancreas, mesenteric lymph nodes, both 
kidneys, one adrenal cortex, dura, and outer cerebral cortex. The other case 
showed lesions in the soft tissues of both lungs, pancreas, dura, leptomeninges, 
and outer cerebrum, I do not feel that in either of these cases there was any 
evidence of primary tumor elsewhere; we certainly thought of possible primary 
tumor elsewhere, but we could not find it. 


Plasma Cell Myeloma Associated with High Concentration of Plasma 
Lipoprotein. R. M. HiU (by invitation), R. M. Mulligan and (by invita- 
tion) S. G. Dunlop, Denver, Colo. 

Abstract. The patient was a white female houseworker, 55 years old, with 
severe sensitivity to cold for 7 years previous to admission on August 7, 1945. 
Exposure to cold resulted in severe erythema and urticaria of the exposed parts 
followed by the development of shallow ulcers. 
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She sustained a fracture of the left humerus i year before admission. Ex- 
amination disclosed a temperature of 99.6 “C., blue mottling of the fingers and 
toes, and pain and tenderness on motion of the left shoulder. The urine was 
negative. Her blood congealed when withdrawn from a vein into a test tube 
and reliquefied on warming. Blood hemoglobin was 4 to 5 gm. per cent; erythro- 
cytes, 1,950,000 to 3,250,000 per cmm.; and leukocytes, 6,700 to 7,200 per 
cmm., with a differential of 30 to 48 per cent segmented neutrophils and 50 
to 62 per cent lymphocytes. Serum calcium was 10.4 mg. per 100 cc.; phospho- 
rus, 4.2 to 7.1 mg. per 100 cc.; and alkaline phosphatase, 2.4 Bodansky units. 
Roentgenopams revealed expansion and destruction of the head of the left 
humerus. On August 31st incision for biopsy of the lesion in the left humerus 
was followed by hemorrhage. On September 9th the entire floor of the mouth 
became so swollen that dyspnea supervened and the patient died with a fever 
of io7.8°C. at 12:30 p.m. 

A sample of freshly drawn heparinized blood, centrifuged at room tempera- 
ture (25° C.) at 2,000 T.p.m. for 20 minutes, separated into three layers; an 
upper layer of apparently normal plasma, a middle pearly white layer solidifying 
on cooling, and a lower layer of cells. In a sample of 7.5 cc., the volumes of 
these layers were 3 cc., 2.8 cc., and 1.7 cc. The pearly white middle layer (herein- 
after referred to as a cryoprotein) was 37 per cent of the volume of the blood 
and gave the characteristic reactions of a protein. Four subsequent blood 
samples showed the same phenomenon. After blood transfusion, blood samples 
failed to show the same change, since the entire plasma solidified on cooling 
and, by diluting and cooling the plasma, the cryoprotein separated as a floccu- 
lent precipitate. On August nth, total plasma proteins were 7.2 gm. per 100 cc. 
with albumin 2.2 gm. per 100 cc., and globulin plus fibrinogen 5.0 gm. per 100 
cc. Blood nonprotein nitrogen was 29 mg. per 100 cc. and cholesterol 146 mg. 
per 100 cc. On August 24th, the total plasma proteins were 10 gm. per 100 cc., 
with albumin 1.8 gm. per too cc., globulin 6.5 gm. per 100 cc., and fibrinogen 
1.7 gm. per 100 cc. The protein content of the cryoprotein layer was 13. i gm. 
per 100 cc. The top layer revealed a total protein of 7.1 gm. per 100 cc., with 
albumin 2.1 gm. per 100 cc., globulin 4.5 gm. per 100 cc., and fibrinogen 0.5 
gm. per 100 cc. On August 28th, following blood transfusion, the total plasma 
protein was 18. i gm. per 100 cc., with albumin 2.1 gm. per 100 cc., globulin 9.8 
gm. per 100 cc., and fibrinogen 6.2 gm. per 100 cc. At 38° C. the viscosity of 
the plasma of the patient was 5.3 times that of the average normal, rose rapidly 
with falling temperature, and reached infinity at 32° C. The cryoprotein was 
purified by 10 reprecipitations from distilled water, finally brought into aqueous 
solution, and precipitated by the addition of an equal volume of 95 per cent 
ethyl alcohol. After standing for 3 days at 4° C. in the icebox, needle-like crys- 
tals proved to be cholesterol ester. Microbiologic assay of the amino acids of 
the purified protein was compared with the analyses of the amino acids in normal 
plasma globulin and albumin. 

Autopsy revealed plasma cell myeloma involving the bone marrow, chiefly 
of the left humerus, scapula, and clavicle, but also of the ribs, vertebrae, 
sternum, and skull, the spleen, and a mesenteric lymph node; edema, hemor- 
rhage, and focal atelectasis of the lungs; a gelatinous cast in the bronchus to 
the lower left lobe; focal acute phar3mgitis; clinical Ludwig’s angina; and a 
recent unhealed incision of the left arm. The parathyroid glands, heart, liver, 
kidneys, brain, and spinal cord were normal. The bone of the head and neck 
of the humerus was extensively destroyed by massive proliferation of cells 
having the structure of plasma cells, chiefly in the plasmablast stage. The cells 
exhibited abundant basophih'c cytoplasm and frequently an eccentric position of 
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the nuclei, which were large and rounded, contained much fine heavily stained 
chromatin, one or more prominent nucleoli, and numbered one to four to a 
cell. 

Bone Tumors Composed of Atypical Amyloid. William H. Bauer (by invita- 
tion) and J. F. Kuzma, St. Louis, Mo., and Milwaukee, Wis. 

Abstract. The necropsy of a 59-year-old male who died of purulent meningitis 
revealed destructive tumors of the sphenoid, the left 9th rib, and the 9th dorsal 
vertebra. Roentgenographically the other bones failed to show any changes. The 
clinical record revealed the absence of Bence-Jones proteinuria, hyperproteinuria 
and albuminuria. The sedimentation rate was normal, peripheral blood appeared 
unchanged, there was no excessive formation of rouleaux, no “greasiness” of the 
blood smears, and the calcium-phosphorus metabolism was unaltered. The liver, 
spleen, kidneys, and intestine microscopically and macroscopically were unchanged. 

The lesions of the aforementioned bones consisted of numerous bodies of an 
atypical amyloid with an abundance of giant cells. Only the sections through the 
sphenoid contained a scattering of atypical plasma cells and a few lymphocytes. 
The microscopic findings did not conclusively substantiate the diagnosis of multiple 
myeloma. The atypical amyloid differed from typical amyloid not only in its dis- 
tribution, but also by its indistinct reaction to methyl violet and Congo red. 
Furthermore, it not infrequently displayed a smooth transition into osseous tissue 
and even appeared more densely calcified than the bone trabeculae. These findings 
suggest that its chemical composition differed from that of t3q)ical amyloid. Micro- 
scopically, the predominant formation of the atypical amyloid was by fusion of 
the protoplasm of degenerated bone marrow cells and giant cells. Secondarily, 
intercellular protoplasm-like globules of unknown origin participated in its deposi- 
tion. Whether we were dealing with atypical multiple myeloma or the result of 
a chronic infectious process cannot yet be answered. 

4: % sf: 


Beryllium Pneumoconiosis. Walter W. Jetter, Boston, Mass. 

Abstract. Beryllium has come into recent importance because of its use in pre- 
paring fatigue-resistant copper alloy and fluorescent lamp powder. Aside from an 
acute and apparently spontaneously subsiding episode of chills and fever similar 
to “metal fume fever,” pulmonary reactions to beryllium may fall into either of 
the following two types. 

The first type of reaction may occur after several weeks or months of exposure 
to dusts or fumes containing beryllium fluoride or oxyfluoride arising during extrac- 
tion or processing of the ore. The pathologic lesion in the lungs consists in the 
activation of alveolar macrophages which then may accumulate in the intra- 
pulmonary air spaces. The usual course is spontaneous remission but occasionally 
distortion and obliterating fibrosis of lung parenchyma may lead to severe pul- 
monary insufficiency. The deleterious process has been attributed to the acid 
fluoride and oxyfluoride radicals rather than to beryllium per se. ^ ^ 

The second type of pulmonary reaction is a peculiar form of pneumoconiosis, 
“beryllosis” or “berylh'um granulomatosis,” which develops insidiously and is 
chronic in its course. Berj’llium has been incriminated in most or nearly all 
of the cases. In our experience, the disease has occurred among workers 
exposed to fluorescent lamp powder (zinc manganese beryllium silicate) although 
similar cases have been reported in the manufacture of beryllium alloys. The 
lungs in fatal cases have shown extensive nodular and irregular fibrosis. Cor pul- 
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monale is characteristically present and it is apparent that right heart failure 
has contributed significantly to death. Microscopic examination indicates that the 
initial lesion is an intra-alveolar collection of phagocytes. Foreign body giant cells 
are prominent in this inflammatory process and occasionally they may be seen 
to contain, or to be in relation to, peculiar basophilic bodies, sometimes referred 
to as “conch shells.” As the granulomatous lesions expand peripherally they tend to 
merge with one another so that widespread areas may become involved. Concurrent 
fibroblastic infiltration and resultant scar formation leads to extreme distortion 
and contraction of contiguous lung tissue. Scarring and hyaline change in a dis- 
crete nodule may result in a structure resembling the sihcotic nodule. In contrast 
to silicosis, complicating tuberculous infection has not been observed. The final 
picture is an extraordinary mixture of active focal and diffuse granulomatous 
inflammation in combination with dense nodular and irregular fibrosis and hyalini- 
zation. The tracheobronchial lymph nodes are enlarged and show varying degrees 
of active inflammation and connective tissue scarring. Nodes completely replaced 
by hyalinized fibrous tissue may be encountered. The occurrence of granulom- 
atous lesions in liver and spleen may indicate that the toxic agent or agents are 
disseminated by the general circulation. 

Another prominent feature in beryllium pneumoconiosis is severe, diffuse, oblit- 
erating pulmonary endarteritis. The resultant decrease in the capacity of the 
pulmonary vascular bed may be largely responsible for the occurrence of cor 
pulmonale and ultimate right heart failure. 

Discussion 

(Dr. Donald A. Nickerson, Salem, Mass.) These cases are interesting to us, 
because it was in 1942 that Connolly recognized this condition, and there are now 
about 60 cases which have roentgenologic and clinical evidence of the disease. 
Perhaps the most interesting thing about this is that after a new plant was opened 
the content of beryllium in the phosphor was changed. Up to that time this par- 
ticular company had used 12.9 per cent beryllium, whereas the new manufacturer 
used 2.5 per cent. After this change, as far as we know, only i or 2 cases have 
developed. 

Another interesting thing is that I have seen 3 cases of injury to the skin. In 
those sites we have found changes exactly identical with those in the lung, and in 
those lesions beryllium has been found. Perhaps we will see more of it, because 
one of these cases was in a young boy who was using a bumed-out tube as a 
baseball bat. 

In the cases I have seen the ash content of the lung has shown in all cases 
levels of 5 Mg. of beryllium per 100 gm. of lung tissue. 

(Dr. Jetter) I wish to thank Dr. Nickerson for his interesting comments. 
The evidence indicates the likelihood of a causal relation in the production of 
this chronic pulmonary disease by inhalation of beryllium-containing fluorescent 
powders. Positive proof awaits the production of the disease following experi- 
mental exposure in laboratory animals. 

Enlargement of the Bronchial Arteries and Their Anastomoses with the 
Pulmonary Arteries in Chronic Pulmonary Disease. Averill A. Liebow, 
and (by invitation) Milton R. Hales and Gustaf E. Lindskog, New Haven, 
Conn. 

Abstract. In 14 of 17 lung specimens from patients prepared as casts by the 
vinylite corrosion technic, great enlargement of the bronchial arteries and numer- 
ous anastomoses of these vessels with the pulmonary arteries were observed. The 
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communications were multiple and usually occurred about the bronchiectatic 
sacs which involved the fourth order branches of the segmental bronchi, and 
beyond. In half of the specimens the anastomoses equalled or exceeded a diameter 
of I mm. The enlargement of the bronchial vessels probably occurs in response 
to the increased demand for oxygenated blood in the granulation tissue during 
the course of the orgam'zing pneumonia that usually precedes bronchiectasis, and 
in the hypertrophied muscle and hyperplastic lymphoid tissue that are often ob- 
served. The anastomoses may represent persistent communicating channels origi- 
nating in granulation tissue that receives vessels from both the bronchial and 
pulmonary arterial systems. 

So large and numerous are the anastomoses as to suggest that they have physio- 
logic importance: (a) In shunting blood away from the diseased tissue into 
relatively intact parenchyma, where the blood pressure is presumably lower; (b) 
in producing general hypertension in the pulmonary circulation. 

Discussion 

(Dr. Alfred Angrist, Jamaica, N.Y.) I wonder if the authors have had the 
opportunity to correlate such anastomoses with the state of hypertrophy of the 
right heart. My second question is fortuitous if the technic of these investigations 
has been published, but if not, will Dr. Liebow describe it? The preparations are 
the most exquisite I have seen in a long time. 

(Dr. Liebow) We have had only one autopsy specimen from a patient with 
severe bronchiectasis. This was demonstrated on the screen. In that case there 
was great enlargement of the right side of the heart, but this w'as associated not 
only with bronchiectasis but with a very striking bilateral pulmonary emphysema. 
One might expect that the burden of the right heart would be increased if there 
were a diffuse bilateral bronchiectasis. In unilateral bronchiectasis the pressure 
in the pulmonary artery would be increased only if there were a back flow within 
the pulmonary artery of the involved side from the region of the anastomoses 
with the systemic bronchial circulation into the proximal end. Indeed it is possible 
that this may occur since the anastomoses are so large and so numerous. Catheter 
studies will have to be done to determine whether or not “back flow” occurs. In 
the absence of back flow, unilateral bronchiectasis should not produce pulmonary 
arterial h5q)ertension since the pulmonary capillary bed of one lung is sujBBcient 
to accommodate the entire cardiac output without rise in pulmonary arterial pres- 
sure, as Cournand has demonstrated. 

In answer to Dr. Angrist’s second question, the technic has been published in 
the Bulletin of the International Association of Medical Museums, and there is a 
demonstration of the method among the exhibits of that Association. 


Tht - Relationship of FrEROCYSirc Disease of the Pancreas to a Deficiency 
OF Secretin. Archie H. Baggenstoss, and (by invitation) Marschelle H. 
Power and John H. Grindlay, Rochester, Minn. 


Abstract. In a recent study of the pancreas in uremia a remarkable degree of 
dilatation of the acini, flattening of the h'ning epithelial cells, and inspissation of 
secretion w’ere observed in approximately 45 per cent of the cases. A high incidence 
of the same lesion was observed also at necropsy in cases of carcinoma of the 
stomach, obstruction of the small intestine, chronic ulcerative colitis, and sepsis. 
It has been suggested by one of us that the following factors are important^ in 
the pathogenesis of this lesion: (i) inhibition of the type of pancreatic secretion 
normally stimulated by secretin, (2) nervous stimulation of the pancreas, leading 
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to depletion of zymogen granules and formation of a thick, viscid pancreatic juice, 
(3) dehydration, resulting in inspissation of the juice and the development of 
intrinsic obstruction, and (4) malnutrition (protein deficiency), resulting in a failure 
of reparative protein synthesis in the cells of the pancreatic acini. 

Because of the similarity of the histologic picture to that observed in the early 
stages of fibrocystic disease of the pancreas, it was suggested also that a congenital 
deficiency of secretin was responsible for the latter disease. This hypothesis is 
based upon the concept first suggested by Blackfan and Wolbach and supported 
by Farber and Andersen that fibrocystic disease of the pancreas is the result of 
an abnormally thick and inspissated acinar secretion. If one postulates an inhibition 
or an absence of stimulation of the pancreas by secretin, the only stimuli to 
secretion would be nervmus and that recently ascribed to pancreozymin. Such 
an imbalanced stimulation of the pancreas would result in a thick viscid juice 
which might become inspissated, obstruct the ductules and acini, and lead to atrophy 
and fibrosis. Stimulation of the pancreas by secretin has been described as causing 
a flow of alkaline fluid which serves to flush the alveoli, to thin the juice rich in 
organic material and to sweep it along the ducts. Any satisfactory explanation of 
the pathogenesis of fibrocystic disease of the pancreas must also explain the dis- 
turbances which occasionally occur in the secretions of the liver and intestines. 
There is good evidence that, normally, secretin stimulates the secretion of bile 
and the succus entericus. If stimulation by secretin did not occur, the obstruction 
of the small bile ducts and intestinal glands in these cases might also be explained 
as the result of the production of an abnormally thick inspissated secretion. 

In order to test this hypothesis it was necessary to determine (i) if secretin 
could be obtained from specimens of the duodenum and small intestines at autopsy, 
and (2) if it were absent in patients dying of fibrocystic disease of the pancreas. 
Up to the present we have been able to extract secretin (S) according to the 
methods outlined by Ivy and his co-workers from specimens of the upper part of 
the intestinal tract of 17 of 18 adults. The single failure occurred in a case of 
chronic intestinal obstruction of 4 weeks’ duration. The extraction of secretin 
in the other cases was successful whether it was carried out immediately or after 
the specimen had been frozen for varying intervals of time up to 39 days. Secretin 
could be extracted from specimens kept unfrozen as long as 14 hours post-mortem. 
We have been able to extract secretin from the upper part of the intestinal tract 
of all children studied except premature and newborn infants and one child with 
fibrocystic disease of the pancreas. The specimen from the child with fibrocystic 
disease was sent to us through the courtesy of Dr. J. P. Simonds and Dr. Philips- 
bom of Chicago. We are hoping to obtain a sufficient number of specimens to 
test our hypothesis thoroughly before arriving at any conclusions. For the present 
we should like to suggest that fibrocystic disease of the pancreas is the result of 
a congenital deficiency of secretin. This deficiency may be the result of a con- 
genital absence (relative or complete), a defect in the mechanism of its release, 
or its destruction by abnormal amounts of secretinase. This preliminary report 
of our work is concerned only with the first possibility. 

Discussion 

(Dr, William R. Platt, Louisville, Ky.) Does this deficiency of secretin have 
anything to do with the production of meconium ileus in the newborn? 

(Dr. Betty B. Geren, St Louis, Mo.) How does Dr. Baggenstoss postulate 
tliat the lack of secretin would produce changes in the salivary glands or bron- 
chial mucous glands as seen in cases of ^fibrocystic disease? 

(Dr. Baggenstoss) I think the fact that meconium ileus occurs also indicates 
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a deficiency in secretin. Normally, secretin stimulates the intestinal glands and 
increases the flow of succus entericus. If secretin were absent, it might explain 
the inspissated meconium that occurs in those cases. It does not explain the 
changes that have been described in the salivary glands. We did not observe these 
changes, and a number of other investigators have not been able to find them. If 
dilatation of salivary gland acini, is an essential part of the disease, deficiency of 
secretin does not explain it. The changes in the bronchial glands we have ascribed 
to pulmonary infection. 


Production of Unilateral Ulcerative Pulmonary Phthisis by Quantita- 
tive Natural Airborne Contagion.* Max B. Lurie and (by invitation) 
Samuel Abramson, Philadelphia, Pa. 


Abstract. A fine suspension of tubercle bacilli, free from clumps, is sprayed 
with compressed air through a specially designed nozzle. The large particles settle 
out quickly. The invisible droplet nuclei are sucked into a pipe i6 feet long 
through a chamber in which rabbits are exposed, by the draft action of a flame 
at the bottom of a chimney devised by Wells. The infected air, after its incinera- 
tion in the hot flame, is dravm to the outside by a fan. The concentration of the 
tubercle bacilli in the air respired by the rabbits is determined culturally by a 
modified Wells air centrifuge. Since the volume of air breathed by the rabbits 
in a given time can be determined, and since the number of bacillary units in a 
given volume of air is known, the number of bacilli to which the rabbits were 
exposed can also be estimated. When rabbits were killed immediately after ex- 
posure it was found that the number of bacilli cultured from the lungs corresponds 
closely to the number of bacilli estimated to have been inhaled. 

The number of primary tubercles developed in the lungs is to some degree 
proportional to the number of bacilli in the air respired by the rabbits. However, 
there is great variation between individual rabbits inhaling the same infected air 
both as to the number of tubercles developed and their progression. 

Inbred rabbits of high genetic resistance to tuberculosis were immunized with 
heat-killed tubercle bacilli and exposed to the inhalation of about 50 droplet nuclei 
of the virulent bovine baciUi. In some rabbits there was no tuberculosis at autopsy. 
Others acquired nonprogressive encapsulated cavities in one or both lungs, while 
still others developed a unilateral ulcerative phthisis. There was no dissemination 
of the disease by lymphogenous or hematogenous routes. The disease thus ac- 
quired strikingly resembled human ulcerative phthisis of the reinfection type. 

Disctission 


(Dr Murray D. Angevine, Madison, Wis.) I should like to ask Dr. Lurie 
about the incidence of involvement of the fiver and spleen in this group, or was 
the kidney representative of the dissemination? 

(Dr Komel L. Terplan, Buffalo, N.Y.) I have a bnef comment on the interest- 
ins experiments of Dr. Lurie. From his findings no conclusions should be drawn 
as to the presence or absence of tuberculous lesions in IjTnph nodes draining the 
site of retofection tuberculosis in man. Even if these l3TOph nodes are grossly 
not conspicuously enlarged, as a rule, in microscopic exammarion, recent tubercles 
are found in the bronchomediastinal lymph nodes. Such findings sometimes are 
very marked, especially in older individuals, obviously in connection wath con- 
Sable losa of their resialanee against tubercnIos.s. Occas.onally m such cases, 
even gross enlargement is seen, with more or less marked caseation of the lymph nodes 

* Aided by a grant from the Commonwealth Fund. 
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draining pulmonary areas, the site of a progressive reinfection tuberculosis. 

(Dr. Alfred Angrist, Jamaica, N.Y.) Will Dr. Lurie comment on what the 
photographs seem to show, as to apical localization in these rabbits, contrary 
to the usual site of localization in rabbits? 

(Dr. Stanley H. Durlacher, Edgewood, Md.) How far down the respiratory 
tract do these aerosol particles extend? 

(Dr. Lurie) In answer to Dr. Angevine’s question, I can say that tuberculosis 
in the liver or spleen of rabbits under these conditions rarely occurs. Occasionally, 
microscopic tubercles may be seen in these organs in rabbits with a long-standing 
disease, but visible, macroscopic tubercles are extremely rare, whereas tuberculosis 
of the kidney nearly always occurs. 

As to the question of Dr. Terplan, I must say that these lymph nodes have 
not been investigated completely. In a number of animals in w'hich the lymph 
nodes were studied microscopically no tubercles were seen, but in other cases 
they were found. 

As to the question of apical tuberculosis, the primary tubercle in the lung of 
rabbits may occur an5nvhere in the lung; however, rarely, if ever, are apical locali- 
zations seen. The lower lobe sometimes is affected, but in my experience the upper 
lobes of both lungs are frequently the site of the primary lesion. 

In reply to the last question, as to how far down in the lungs the tubercle 
bacilli reach, I may say that the most frequent localization of these tubercles is 
subpleural, therefore it must be assumed that the bacilli penetrate to the terminal 
divisions of the respiratory passages. 

Tuberculosis in Rabbits Induced by Droplet Nuclei Infection: Response 
TO Initial Infection and to Reinfection, H. L. Ratcliffe and (by invita- 
tion) W. F. Wells, Philadelphia, Pa. 

Abstract. When rabbits were caused to inhale virulent bovine tubercle bacilli 
as separated cells in droplet nuclei, the initial tubercles developed at a highly 
uniform rate and followed a highly uniform pattern for a period of about 5 weeks 
after infection. Thereafter, progress of the disease varied with the animal and was 
proportional to the number of bacilli contained in the lesions. Hence it was con- 
cluded that rabbits do not differ in their inherent resistance to this organism, but 
differ widely in their ability to acquire resistance. 

As judged by differences in the rate of development of initial tubercles after 
the fifth week, resistance developed slowly and the rate of its development varied 
widely. Experiments on inhaled reinfection show, however, that demonstrable 
levels of resistance were developed in all animals within 2 weeks after initial inhaled 
infection by small numbers of organisms. Within 5 weeks after small initial infec- 
tion, resistance reached levels which inhibited reinfection by virulent bovine 
tubercle bacilli, inhaled as separated cells in droplet nuclei. In so far as could be 
determined by these experiments, the basic effect of acquired resistance of rabbits 
to this organism was the inhibition of its multiplication. 

Disctission 

(Dr. Max B. Lurie, Philadelphia, Pa.) I am glad to hear that this study on 
inhalation primary infection and reinfection confirms our work reported in a series 
of papers in The Journal of Experimental Medicine from 1928 to 1942. These 
have shown that in immunized animals the tubercle bacilli of reinfection are 
destroyed immediately if given in small numbers. If large numbers, are employed 
the bacilli of reinfection fail to grow. We have also shown that the increased 
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destruction of the bacilli of reinfection is a primary function of the mononuclear 
phagocytes themselves. Humoral factors also play a role. You may remeqiber 
that we placed mononuclears derived from normal and immunized animals, that 
had phagocytized the tubercle bacilli, in vitro, into the anterior chambers of the 
eyes of the same rabbits, and that we found that the cells derived from the normal 
animal permitted the free growth of tubercle bacilli, whereas the cells derived from 
immunized animals inhibited this growth, even though these cells had been trans- 
ferred to a normal environment. Furthermore, this difference in the fate of the 
bacilli in normal and immunized animals has also been confirmed by Karl Jensen 
from Copenhagen, who also used inhalation methods, though his work was not 
as quantitative as that of Ratcliffe and Wells. He found that the chief difference 
between behavior of tubercle bacilli of reinfection as distinguished from bacilli 
of primary infection was that the former failed to multiply whereas the latter 
grew freely. I repeat that I am happy to learn that our work was again con- 
firmed. 

(Dr. Ratcliffe) In so far as we could determine from this material, the effect 
of the . mono C5des on the growth of the bacilli is not very striking. The most 
rapid points of growth of the bacilli seem to be outside of the cells, in the 
necrotic center of the tubercle, even when the tubercle is advanced, and in reinfection, 
if any growth takes place, it seems to take place outside of the monocytes, or 
outside of the other cells of the tubercle. It seems to me one might speculate 
as to the effect of antibodies rather than that of the cells themselves in this 
inhibition of the multiplication of the organisms. 


pATHOGENiary Stxjdies of Tubercle Bacilli, Type Avium, from a Human 
Infection. William H. Feldman, Dorothy Hutchinson (by invitation), Virginia 
Schwarting (by invitation) and A. G. Karlson, Rochester, Minn., and Oak Ter- 
race, Minn. 

Abstract. Definitely proved progressive tuberculous infections in human beings 
are exceedingly rare. In this case report impressive evidence was obtained that 
supports the belief that a pulmonary infection in a 2-year-old child was due to 
tubercle bacilli of avian origin. The child, a member of a farm family, was ill 
with a pulmonary disease of undetermined etiology for several months prior to 
a diagnosis of pulmonary tuberculosis of the upper left lobe. On admission to 
the sanatorium a gastric lavage specimen was obtained which yielded a culture 
of acid-fast bacilli. The culture was unlike that of typical human tubercle 
bacilli and subsequently extensive studies of pathogenicity were done. The 
results indicate definitely that the organism studied is a typical avian tubercle 
bacillus. A survey of the child’s environment before entering the sanatorium 
revealed several significant facts in support of the possibility of the farm animals 
being the source of the infection. The animals were tested with avian tuber- 
culin with the following results; Among 430 chickens, 217 (50.4 per cent) re- 
acted positively; among 6 swine, 2 reacted positively; and among 33 cattle, 
10 reacted positively. None of the mammals reacted to mammalian tuberculin. 
Extensive lesions were present in most of the chickens examined at necropsy 
and cultures of avian tubercle bacilli were obtained from the birds examined. 
In addition the child frequently played with the chickens and often bandied 
eggs. Tuberculosis was not present in the immediate family consisting of the 
parents and 4 other children, aged 6 months to 10 years. Under sanatorium 
care the child’s condition has improved continuously. She will probably be re- 
leased within the next few months. 
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Discussion 

(Dr. Joseph D. Aronson, Philadelphia, Pa.) I should like to know whether 
the spleen was enlarged in this child, and whether blood cultures were made 
from this case. This is a thoroughly worked-up case and most interesting, be- 
cause there is so much in the literature on avian tuberculosis in man which is 
questionable. 

(Dr. Frank Dutra, Cincinnati, Ohio) In July last year 12 men who had been 
cleaning pigeon dung out of an attic became ill with what seemed to be an 
acute pneumonitis which required quite a long time to resolve. In December 
one of these men died of coronary thrombosis, and an autopsy was made. The 
lungs were grossly normal, but microscopically throughout the lungs there were 
a fair number of miliary lesions which strongly resembled tubercles. There 
were various stages, and many of them had gone on to complete fibrosis. Some 
similar lesions were found in the bronchopulmonary lymph nodes. The pos- 
sibility that these men had been infected with avian tuberculosis was raised. 
Unfortunately, the body had been embalmed when the case came to my at- 
tention, so that no cultures could be made. Attempts were made by Dr. Albert 
Sabin to get some avian tuberculin from Dr. Feldman, and I believe tests are 
going to be made on the other ii people who had been ill. We do know that 
there have been three other epidemics of similar pneumonitis in people working 
with pigeons in the United States since 1940, and I would like to know 
what Dr. Feldman thinks about the possibility of these cases being avian tubercu- 
losis. -Perhaps Dr. Feldman has some information as to whether avian tu- 
berlin tests were done on the people in the other groups who were working 
with pigeons and developed pneumonitis. 

(Dr. John R. Schenken, Omaha, Neb.) Were the infected chickens sensitive 
to human tuberculin? 

(Dr. Stuart Mudd, Philadelphia, Pa., addressing Dr. Dutra) Did you have 
tests made on these pigeons for ornithosis? 

(Dr. Dutra) Dr. Sabin did carry them out and they were negative. The 
possibility that the man who died might have had psittacosis also seems to 
be ruled out by the nature of the lesions. 

(Dr. Feldman) I am sorry. Dr. Aronson, I cannot tell you about the possible 
enlargement of the spleen of this child. Dr. Hutchinson did not record that 
in her abstract. It is my impression that no attempts were made to culture 
tubercle bacilli from the blood. 

As to whether pigeons might or might not be responsible for the respiratory in- 
fection in the human beings mentioned by Dr. Dutra, I think one guess is as 
good as another. I think we should first establish in those pigeons that re- 
main whether they have tuberculosis. If they have not, this information will 
save a lot of subsequent work. 

(Dr. Dutra) All that has been recovered from the pigeons is Toxoplasma. 

(Dr. Feldman) As to whether tuberculous chickens react to human tuberculin, 
we have found that a very small percentage do react. 

Serologic Reactions of Patients with SARComosis to Antigens of Myco- 
bacterium Tuberculosis. William H. Carnes and (by invitation) Sidney 
Raffel, Stanford University, Calif. 

Abstract. The cause of sarcoidosis has not been established. Although it is 
rarely claimed that tubercle baciUi can be identified in relation to the lesions 
of the disease and the great majority of the patients fail to react to tuberculin. 
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a number of investigators adhere to the theory of tuberculous origin. The in- 
cidence of complement-fixing antibodies in the sera of 22 cases of sarcoidosis 
has been investigated vdth the use of a high molecular weight protein of the 
tubercle bacillus. More than half the cases were tested also with several other types 
of antigen including whole and defatted bacilli, protein, lipid, and carbohydrate 
preparations. The diagnosis was supported in each instance by biopsy. The 
patients were 19 to 65 years of age (mean age 28 years). Tuberculin tests' 
were reported in 20 of the cases, 4 of which were positive to doses of o.i or 
i.o mg. Portions of the biopsy specimens of 16 cases were inoculated into 
guinea-pigs, all of which proved negative for tuberculosis. Altogether, 6 cases 
(27.3 per cent) gave positive serologic reactions with one or more antigens. 
No positive reactions were obtained with carbohydrate antigen in these cases 
or any of the controls. For comparison with the cases of sarcoidosis, a group 
of 26 cases of active tuberculosis, bacteriologically verified, was tested similarly. 
Altogether 16 of these (61.5 per cent) gave positive fixation reactions. Only 
one case of tuberculosis had a negative tuberculin test and this patient’s serum 
had the highest titer of antibody (160 units per cc.) found in any serum. Sixty- 
seven per cent of the positive sera of tuberculous patients had titers of 40 units 
of antibody per cc. or higher with the protein antigens, whereas only 38 per 
cent of the positive sera of patients with sarcoidosis had titers of 40 units per 
cc., and none were higher. A further comparison was made with two groups of 
preclinical medical students recently tested with tuberculin. Of 30 students 
positive to the first test dose of PPD, but having no clinical or radiologic 
evidence of active tuberculosis, 10 (33.3 per cent) gave positive serologic re- 
actions. None of a group of 29 students, negative to the second test dose of 
PPD, gave positive serologic reactions. These results lend no support to the 
theory that sarcoidosis is due to the tubercle bacillus. The incidence of positive 
serologic reactions to antigens of Myco. tuberculosis found in cases of sarcoidosis 
may reasonably be explained by previous imrelated tuberculous infection in a 
portion of the cases. 

Discussion 

(Dr. A. M. Pappenheimer, Boston, Mass.) We have studied a case in which 
tuberculosis had supervened on an initial sarcoidosis, and it was interesting to 
find in the lungs and elsewhere the two t5TDes of lesions coexistent, the typical 
sarcoid tubercles without caseation and without bacilli side by side with large 
caseating tuberculous lesions. It seems to me that this argues against the idea 
that sarcoidosis represents an altered reactivity of the tissues to the tubercle 
bacillus. 

(Dr. Donald A. Nickerson, Salem, Mass.) Were skin tests done on these pa- 
tients using as antigen emulsified material from the skin lesions? 

(Dr. Joseph D. Aronson, Philadelphia, Pa.) It- might be of interest to Dr. 
Carnes to know that we have vaccinated a number of cases of sarcoid intra- 
cutaneously with BCG vaccine. While these cases developed a local tubercle 
they still remained tuberculin negative. It would be interesting to have Dr. 
Carnes follow the cases serologically after injecting BCG to see what would 
happen. 

(Dr. Wiley D. Forbus, Durham, N.C.) I hope that what I say will not be 
regarded as facetious in any respect, but may I raise a question? Would it 
not be a good idea for some ingenious man, and we must have lots of Jhem, 
to attack the problem of sarcoidosis from a little different point of view? Instead 
of proceeding on the theory that it must or must not be tuberculosis, why not 
adopt the view that it may be any one of a number of other granulomatous 
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diseases about which we know little at the present time? It would seem to me 
that study of the problem of the possible .relation of sarcoidosis to tuberculosis 
has now reached tlie stage that the study of the problem of the possible identity 
of Hodgkin’s disease and tuberculosis long ago reached. Some ingenious young 
man might take another tack and help us along faster with the problem of 
the etiology of sarcoid. Certainly, Dr. Carnes has now exhausted one, and per- 
haps the last, of the possibilities of identifying the disease with tuberculosis. 

(Dr. Carnes) I have also seen what Dr. Pappenheimer referred to, that is, 
the coexistence of typical caseous tuberculosis and sarcoidosis, and I think that 
my reaction is the same as his, namely, that it is further evidence that the 
sarcoid reaction is not on the basis of a peculiarity of the patient, as has 
been suggested, which would account for a different type of reaction to the 
same etiologic agent. 

We have tried a good many patients with lymph nodes, not skin. Dr. Nicker- 
son, testing them in a manner analogous to the Frei test. Tlie emulsion was 
made in the way the old Frei antigen was made. Although there have been 
frequent positive reactions reported from the Scandinavian countries, we have 
not been able to confirm them, but we are still working on it, and have gotten 
some of the antigen from Dr. Danbolt in Oslo. 

In view of Dr. Aronson’s statement about the failure of patients with sarcoid 
who were inoculated with BCG to develop a positive tuberculin test, I think it 
would be very interesting to find what happens serologically to these patients 
in comparison with a group of nonsarcoid cases. We have not done this. 

Dr. Forbus has pointed out that many etiologic agents will produce a lesion 
which is essentially like that of sarcoidosis, and that gives us a great deal of 
difficulty in determining whether there is still another unknown etiologic agent 
at the basis of the group of cases which we call sarcoidosis. The reasons are 
too numerous to try to be given right now, but a good many people still 
believe that there is an etiologic agent or a pathologic and clinical entity in 
' this group of cases of sarcoidosis, in spite of the fact that there are a number 
of other agents which will simulate the pathologic lesion. 

The Microscopic Study op Lymphoid Tissue in the Pancreas and Its Rela- 
tion TO Lymphomatosis in Chickens. Alfred M. Lucas and (by invita- 
tion) Eugene F. Oakberg, East Lansing, Mich. 

Abstract. Not received. 

The Production op Hemosiderosis op the Liver in the Rat by Dietary 
Means. T. D. Kinney, and (by invitation) D. M. Hegsted and C. L. Finch, 
Cleveland, Ohio, and Boston, Mass. 

Abstract. Groups of adult rats were placed on 4 different diets. Control diet 
I consisted of purina dog chow alone, and control diet 2 was made up of purina 
dog chow plus 2 per cent ferric citrate. Diet 3 contained 80 per cent com 
grits and 20 per cent lard. Diet 4 was made up of g8 per cent of diet 3 to 
which 2 per cent ferric citrate had been added. The animals were fed the diets 
ad libitum for periods of from 7 to 32 days and sacrificed. Both control groups 
did well. The animals on the com grits and lard diet lost weight but, in the 
animals receiving this diet plus iron, weight loss was more precipitate and 
severe. The differences in the values for the iron content of the livers were 
striking. In group I they ranged between 7.3 to 13.24 mg. per 100 gm. of liver; 
group II, 8.5 to 15.6 mg.; group III, 5.4 to 30.1 mg.; and group IV, 35.5 to 
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93.6 mg. There was no significant variation in the serum iron levels between 
groups I, II, and III. This was true as well for determinations of the iron- 
binding capacity of the serum. However, there was a marked increase in the 
serum levels for the animals in group IV. At the same time the iron-binding 
capacity levels fell to zero in all but one animal. 

Microscopic examination of the livers in group IV showed marked deposition 
of hemosiderin in the Kupffer cells and in the liver cells about the portal areas. 
Increased iron was present also in the bone marrow. This was not the case 
in any of the animals in the other 3 groups. 

The mucosal block which has been postulated as the mechanism for con- 
trolling iron absorption in proportion to body needs has been overcome in the 
animals fed the com grits diet. 


Discussion 

(Dr. Richard H. Follis, Jr., Baltimore, Md.) I should like to ask if control 
studies were made restricting the growth on purina with or without iron. I 
think it is well recognized that if you restrict the growth of animals by one 
means or another one can produce hemosiderosis of the spleen and liver. The 
explanation is probably that if you restrict the growth of the animal there is 
no necessity for as much iron to make hemoglobin as with the normal rate 
of growth. I would predict if you restrict the growth of the control animals you 
will probably get the same result in these as in your experimental animals. 

(Dr. Russell L. Holman, New Orleans, La.) I should like to ask if Dr. 
Kinney has any direct data incriminating com grits rather than some other in- 
gredient of the diet, such as lard. 

(Dr. Joseph J. Lalich, Madison, Wis.) Have you analyzed these organs to 
find out whether or not they contain ferritin? 

(Dr. H. Edward MacMahon, Boston, Mass.) Was there any suggestion of 
early cirrhosis in any of the livers? 

(Dr. Kinney) This paper really represents what we consider a preliminary 
report of a group of studies on the subject. Subsequent papers will report the 
work still under way. 

We thought of the matter of growth as one of the possible causes of the 
deposition of hemosiderin, and we were also aware of Dr. Follis’ paper on 
pyridoxine-deficient animals in which hemosiderin was deposited in the livers 
and spleens of these animals. As I remember Dr. Follis’ paper, the animals were 
on the diets for at least 60 days or more. In our animals iron absorption takes 
place very rapidly as illustrated by the animal receiving corn grits diet and iron 
in which there was a marked elevation of the liver iron after 7 days. Further, 
in another group of experiments not reported today, serum iron levels were 
determined in fasting animals given single doses of iron mixed with the control 
and corn grits diets. When the iron was given with purina alone the serum 
iron showed only a slight initial rise, but when the iron was given mixed with 
the com grits diet there was a slight initial rise followed by a prolonged rise. 
We felt then that these changes occurred too rapidly to be due to starvation 
alone. 

The com grits in the diet is not responsible, because animals fed rice or white 
bread instead of the com grits show the same deposition of iron. 

The livers, spleens, and other organs have not been analyzed for ferritin, piere 
was no evidence of cirrhosis in the livers of these animals. In this connection it 
should be pointed out that the animals were on the diets for relatively short 
periods of time, usually no longer than 33 days, and although there was consider- 
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able fat visible in the livers no scarring was found. This is a severe diet and the 
animals do poorly and do not live much longer than 5 or 6 weeks. The diets were 
supplemented in various ways in an effort to determine the factor or factors 
responsible for the excessive absorption of iron. Casein was only slightly effective, 
while a complete salt mixture W'as more effective. The addition of phosphate salts 
to the diet greatly reduced, but did not completely prevent, the rise in the iron 
content of the liver. 

Hemoglobinuria (Blackwater Fever) in the Monkey with a Consideration 
OF the Disease in Man.* R. H. Rigdon, Galveston, Texas. 

Abstract. Hemoglobinuria occurred in 10 monkeys infected with Plasmodium 
knowlesi. The pathogenesis is discussed from the standpoint of an excessive amount 
of pigment in the blood stream which cannot be removed by the reticulo-endothel- 
ial system since the latter is already filled with malarial pigment. The excess of 
hemoglobin pigments, therefore, is filtered through the glomeruli. The tubular 
degeneration results from the acidosis that accompanies the disease and is not 
the result of the casts that form in the lumina of the tubules. The oliguria appar- 
ently may result from the shock which is the result of the disease rather than as 
the result of a mechanical blockage of the tubules by the precipitated hemoglobin. 

Discussion 

(Dr. Joseph F. McManus, Birmingham, Ala.) Have you estimated the non- 
protein nitrogen or blood urea in these animals? 

(Dr. Joseph J. Lalich, Madison, Wis.) Have any blood pressure studies been 
done on these animals? 

(Dr. Rigdon) We did not make any observations on these animals vdth regard 
to the retention of nonprotein nitrogen. There are other observations in the litera- 
ture that would indicate that such does occur. 

With regard to the blood pressure in these animals, we did not take it. This is 
only a part of a study in malaria in which we feel that severe anemia and anoxemia 
do lead to shock. We feel that these animals show evidence of shock because 
they respond so nicely to the transfusion of blood and the giving of oxygen. A 
low blood pressure may be the basis for the decrease in the amount of urine, or 
the anuria that may accompany blackwater fever. I think that decreased filtration 
rate is more important in the production of anuria than mechanical blockage of the 
collecting tubules by casts. 


Studies on the Pathogenesis of Experimental Hemoglobinuric Nephrosis 
IN Rabbits with Special Reference to the Late Manifestations.* 
Joseph J. Lalich (by invitation), Madison, Wis. 

Abstract. Experimental hemoglobinuric nephrosis was consistently produced in 
rabbits by withholding water and food for 3 days prior to the intravenous injec- 
tion of 1.8 gm. per kg. of homologous hemoglobin. In those rabbts which survived 
the acute phase of hemoglobinuric nephrosis, a nephrectomy was performed 13 to 
17 days following the initial injection of hemoglobin. The rabbits were killed 
34 to 116 days after the surgical operation, thus permitting microscopic examination 
of early and late manifestations of this disease in kidney sections of 12 rabbits. 

In the surviving rabbits in the early phase, the total cast number varied from 4 

*This article will appear in a subsequent issue of The American Journal of Pathology. 
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to 1 88 in lo low-power fields. Associated with the precipitation of hemoglobin 
. there was tubular dilatation with flattening of the epithelial cells. There were 
also local areas of vacuolization of epithelial cells in the proximal convoluted 
tubules and in Henle’s loops. During this period the rabbits manifested transient 
elevations of nonprotein nitrogen ranging from 50 to 250 mg. per cent. Follow- 
ing the nephrectomy the rabbits continued to eat and gain weight. Examination 
of kidney sections removed at autopsy demonstrated the transient nature of 
hemoglobinuric nephrosis when the animals do not die during the acute phase. 
In 7 rabbits no pigment casts were found in one longitudinal section. In 5 the 
the total cast count varied from i to 5 in 10 low-power fields. Tubular dilatation 
and degeneration of epithelial cells was no longer evident. 

After an animal survives the acute phase of hemoglobinuric nephrosis, death 
does not occur. Rabbits with extensive deposition of pigment, tubular dilatation, 
and epithelial degeneration are able to tolerate stiU further reduction of function- 
ing renal tissue by nephrectomy. 


Discussion 

(Dr. Bernard Black-Schaffer, Durham, N.C.) I should like to ask whether 
kidney function tests were carried out at the time of nephrectomy in animals 5, 
7, and 10, in order to obtain some idea of the functional potentialities of the one 
remaining kidney, which probably suffered the same severe changes as were 
demonstrated in the photographs of the excised kidneys. 

(Dr. Virgil H. Moon, Philadelphia, Pa.) This presentation is in a field which 
is closely related to the one in which we have been deeply interested, that is, the 
changes occurring in the kidney, morphologically and functionally, incident . to 
shock from various causes. There is disagreement among observers as to where 
these changes occur, whether they are limited to one portion of the nephron or 
whether they affect all portions of the nephron rather uniformly. These experi- 
ments are of similar type to those we have made, and probably the mechanism of 
effects is not very different. I should like to ask Dr. Lalich if in his examinations 
he noted the location of degenerative changes in one portion or another of the 
nephron. 

(Dr. Lalich) The only functional studies done on these animals were plasma 
nonprotein nitrogen determinations, and, of course, under the conditions of this 
experiment practically all of the animals manifested some rise of nonprotein ni- 
trogen, sometimes to as high as 260, with a subsequent return to normal levels. 
I should state that these operations were done during the period of declining 
nonprotein nitrogen. In most instances the nonprotein nitrogen at the time of 
surgery was slightly above normal levels, or within the normal range. 

In answer to Dr. Moon’s question, the majority of casts accumulated in the 
distal convoluted tubules, then proximal to that we found the dilatation, if it 
occurs. Dilatation does not necessarily have to occur. The degenerative changes 
w'hich appear occur in the loops of Henle and the proximal convoluted tubules. 

Hypersplenic Extracts. An Evalitation op Their Efpects on the Hemato- 
poietic Organs op Mice. William R. Platt, Louisville, Ky. 

Abstract. Acetone extracts of spleens removed from normal, thrombocytopenic, 
and neutropenic patients- were prepared according to the original method of 
Troland and Lee. After the completion of control studies, intraperitoneal in- 
injections were made into 100 mice of three different strains (Swiss, A, and C57). 
Obser\’ations were then made on the peripheral blood, femoral marrow, lungs, 
liver, spleen, and kidneys. A discussion of similar experimental attempts by 
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other -workers, an evaluation of the results obtained, and finally the possible clini- 
cal applications of such splenic extracts are related in detail in the complete 
report. 

Disseminated Arteriolar and Capillary Platelet Thromboses, Ira Gore (by 
invitation) and Nathan B. Friedman, Washington, D.C. 

Abstract. Since Baehr, Klemperer, and Schifrin described 4 cases of dissemi- 
nated arteriolar and capillary platelet thrombosis in 1936, 15 cases have been 
reported in the literature. There has been considerable speculation regarding the 
basic mechanism involved. Although a few authors have postulated a primary 
endothelial lesion, such a premise has been minimized by a few and denied by 
others. Five cases of this disease were in the files of the Army Institute of 
Pathology and through the courtesy of Dr. Klemperer and Dr. Schlesinger, slides 
of 3 previously reported cases were made available for comparison. The findings 
in these cases indicated a definite vascular lesion of a type previously undescribed 
as the exciting cause of the syndrome. This early lesion is not often found, 
since the prompt action of the blood-clotting mechanism results in the forma- 
tion of the fully developed lesion by the time of death. The latter has been 
described in the literature and its -widely disseminated distribution in arterioles 
and capillaries gives the disease its name. 

The vascular lesion to which the process is attributed consists of the accinnula- 
tion of hyaline material beneath the endothelium of an occasional capillary or 
between the endothelium and muscularis of an arteriole. Neither the subendo- 
thelial reticulum nor the elastica of the arteriole is involved primarily. In fact, 
a splitting of the reticulum fibers is regarded as evidence of the formation of 
the lesion within the wall of the vessel. With the Schiff periodic acid staining 
reaction the hyaline material takes a bright red hue which contrasts sharply 
with the yellow color assumed by the remainder of the tissue. The process is 
a segmental one and many arterioles and capillaries do not exhibit it. In focal 
areas swelling occurs, evidently by imbibition from the plasma, to form a nodule 
which protrudes both into the lumen, carrying the overlying endothelium with 
it, and away from it, causing a defect in the vessel wall. Progressive sweUing 
leads to rupture of the overlying endothelium and provides the focal injury 
responsible for the platelet thrombus. It seems reasonable to assume that 
swelling occurs rapidly, for otherwise the well known capacity of the endo- 
thelium to proliferate would prevent rupture. It is postulated that the lesion 
represents a defect of the intercellular endothelial cement substance which has 
recently been shown to be largely responsible for the permeability of capillaries. 

In the earliest of the thrombotic lesions, a bimorphic character is evident. 
The peripheral portion is composed of the amorphous hyaline material origi- 
nating from the lesion of the vessel wall; the luminal portion is granular and 
composed of aggregated platelets. Endothelial proliferative reaction which is 
initially absent, develops promptly from the intact endothelium at the margins 
of the initiating thrombus. There is a striking tendency for the thrombi to propa- 
gate along the length of the vessel and in many such instances the endothelial 
growth forms a sleeve-like process investing the thrombus. By contrast, the cells 
lining the lumen of the vessel containing the -lesion are unaltered, a point which 
is indicative of the focal origin of the investing endothelium. The bulk of the 
thrombi seen ordinarily in the tissues consist of transections of such propa- 
gated thrombi. 

The mode of organization provides further support for the primacy of the 
vascular injury. The endothelial proliferation is clearly an effort to re-establish 
the integrity of the vascular lining and is manifested first by growth over the 
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surface of the lesion. When this has been accomplished, there is secondary in- 
vasion of the thrombus. Organization does not occur from the base of the ad- 
herent thrombus as would be expected if the lining endothelium at that point 
were previously -intact. 

Discussion 

(Dr. James F. Rinehart, San Francisco, Calif.) Is this a disease in itself, or 
are these cases of lupus? There is a great similarity, I believe, in certain of 
the lesions with those seen in disseminated lupus. Is ^s a separate picture, or 
is it related to disseminated lupus? 

(Dr. Paul Klemperer, New York, N.Y.) I would like to answer Dr. Rinehart’s 
question rather than to discuss the paper, although there is much to be said 
about it. I hope Dr. Gore will forgive me for replying to Dr. Rinehart. I think 
there is no question whatsoever of this peculiar condition and lupus being differ- 
ent. One of the points that might be deceptive is that in the original reports in 
1925 and 1935 the patients were women, later on cases were reported in men. 
Except for the fact that there are vascular lesions in both diseases, there is no 
similarity. 

(Dr. Bernard Black-Schaffer, Durham, N.C.) Siegmund described a lesion 
very similar which has been called in the German literature “Siegmund’s nodes.” 
He found them in cases of acute infectious disease. I wonder if the authors 
have compared this to their lesions. 

(Dr. H. Edward MacMahon, Boston, Mass.) In the pictures of this disease 
that we have been shown today, there appear to be two separate and distinct 
vascular changes. In one of these the basement membrane of small vessels 
shows simply fusiform or nodular swelling; in the other, the endothelium is 
injured or lost and the intima shows a platelet and fibrin deposition. Were these 
supposed to show two stages of the same process or two distinctly different 
manifestations of the same disease? 

(Dr. Alfred Angrist, Jamaica, N.Y.) I wonder whether fat stains were done 
on the early lesions. I think, upon comparing them with other findings, as in 
the Kimmelstiei-Wilson lesions of the glomeruli in diabetic patients, that they 
may be found positive. 

(Dr. Louis Lichtenstein, New York, N.Y.) My question has to some extent 
been anticipated by that of Dr. Black-Schaffer, I would like to ask Dr. Gore 
whether there was anything distinctive about the clinical picture of the cases he 
presented. 

(Dr. Gore) I would like to thank Dr, Klemperer for answering Dr. Rinehart’s 
question, and I fully endorse his stand. I do not see any similarity between this 
condition and disseminated lupus. 

In regard to Dr. Black-Schaffer’s question, I am not familiar with Siegmund’s 
article. I have not seen similar vascular changes in other conditions. This is 
the first time I have seen this particular lesion. 

The question of Dr. MacMahon I believe is hard to answer morphologically, 
but Chambers, observing capillaries directly under controlled conditions, has 
shown that damage to the endothelial cement substance results in softening and 
there is a dropping off of material into the blood stream so that the lesion of 
the vessel wall, once the endothelium is ruptured, does not persist. Ordinarily, 
in tissue sections, too, we see cross sections of the propagated thrombus much 
more frequently than the focal point from which it arose. 

In reply to the question concerning fat stains, we have not done any fat stains 
on the initial lesion. However, from their staining characteristics I would not 
suspect fat to be present. 

Ch'nically, these patients have a characteristic clinical course featured by vague 
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and poorly defined prodromal symptoms, a rapidly progressive anemia, purpura, 
and thrombocytopenia. Invariably severe nonlocalizing neurologic manifestations 
occur before death. There does not appear to be a clinical common denominator 
as an etiologic or predisposing factor. 

Platelet Thrombosis in Human Hemostasis: a Histologic Study of Skin 
Wounds in Normal and in Purpuric Individuals. Howard D. Zucker 
(by invitation). New York, N.Y. 

Abstract. The histologic appearance of serial sections of skin puncture wounds, 
obtained for biopsy from 10 to 20 minutes after injury, was studied with the 
purpose of investigating the mechanism of hemostasis in normal and purpuric 
individuals. Hemorrhage from severed muscular vessels up to 250 jx in diameter 
is normally arrested by platelet thrombi formed at the site of vascular injury. 
Platelet thrombi do not form in severed true capillaries. Fibrin is normally seen 
within the wound tract; it is not seen in the lumen of cut vessels. In idiopathic 
thrombocytopenic purpura, platelet thrombosis is never seen. Fibrin formation 
may occur in wounds in idiopathic purpura; its appearance may be delayed for 
at least 15 minutes. Without platelet thrombosis, fibrin formation within the 
wound is inadequate to arrest hemorrhage from muscular vessels within 3 min- 
utes. The similarity of the histologic appearance of human puncture wounds 
to that described after experimental vascular injury in other mammals suggests 
considerable similarity in mammalian hemostatic mechanisms. 

Discussion 

(Dr. Joseph Tannenberg, Batavia, N.Y.) I am very much interested in this 
paper, since I conducted experiments between 1925 and 1930 on animals in 
which the walls of the small arteries and capillaries could be made visible and 
microscopically studied during the time of hemostasis. In these experiments I 
found that the segmentary contraction of the small arterioles and what we called 
with Ricker and others stasis in the capillaries, i.e., a conglutination of the 
erythrocytes, were the most important factors in bringing about stoppage of the 
bleeding. In addition to this the pressure on the veins of the hemorrhage into 
the tissue seemed to be an important factor. A developing thrombosis and 
fibrin formation in the bleeding wound, and particularly in the torn wall of small 
veins, were considered major contributory factors of hemostasis. The last fac- 
tors may be absent in individuals with thrombopenia and purpura and account 
for the modification of hemostasis. 

(Dr. Zucker) I am familiar with Dr. Tannenberg’s papers. In so far as con- 
traction of the arterioles or of any of the muscular vessels is concerned, I am 
sure that it is an important factor in hemostasis. On the basis of what I have 
seen in my sections, I would lay primary stress, if anywhere, on the platelets, 
but certainly the muscular factors are exceedingly important. As far as the 
conglutination of the red blood cells is concerned, that is something which has 
not been seen in any of my controls nor in any purpuric sections, and I cannot 
make further comment on it. 

The Incidence of Rheumatic Heart Disease in Individuals with Con- 
genital Malformations of the Heart. S. H. Durlacher and (by invita- 
tion) Emil C. Beyer, Edgewood, Md., and New York, N.Y. 

Abstract. Consecutive autopsies to the number of 7925, performed in the De- 
partment of Pathology, Yale University School of Medicine, were analyzed. There 
were 6,853 cases over 2 years of age, the age of the youngest rheumatic indi- 
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\ndual. Five hundred and nine hearts showed anatomic lesions of rheumatic 
heart disease and of these, 43 had active rheumatic myocarditis at the time of 
death. Among 55 cases with congenital malformations of the heart there were 
22 with rheumatic stigmata, and of these, 4 had active rheumatic myocarditis 
at the time of death. The rheumatic rate among cases with congenital mal- 
formations is statistically significantly higher than in the group wthout con- 
genital lesions even when the rheumatic rate in the latter group is corrected 
for the age distribution of the former. Rheumatic lesions occurred in 4 of 6 
instances of interauricular septal defect, in 2 of 4 instances of tetralogy of 
Fallot, in 2 of 4 cases of interventricular septal defect, in i of 3 cases of per- 
sistent truncus arteriosus, in 2 of 6 cases of patent ductus arteriosus, and in ii 
of 29 instances of minor malformations. Active rheumatic myocarditis occurred 
in 2 instances of interventricular defect, i case of tetralogy of Fallot, and r case 
vdth bicuspid pulmonic valves. 


Disaission 

(Dr. Jesse E. Edwards, Rochester, Minn.) This presentation comes with some 
surprise to me in that it has been my personal experience that rheumatic heart 
disease is not unduly associated with congenital malformations of the heart. On 
the other hand, when one examines hearts from cases of congenital malforma- 
tions it has been rather common to find that there are localized areas in the 
endocardium in which there is fibrosis. The fibrosis may be diffuse in one 
chamber, or it may be localized, and there may be some thickening of the 
valve leaflets. Most of these endocardial reactions, I believe, are secondary to 
mechanical alterations on the basis of the congenital malformation. For ex- 
ample, in patent ductus arteriosus it is common, almost without exception, to 
find the endocardium on the left side of the heart, particularly, showing con- 
siderable fibrous thickening with collagen and elastic tissue. reaction is 

that the dilatation of the chambers of the left side results in the production 
of connective tissue in the endocardium, a production which is on the basis of 
a mechanical rather than an inflammatory change. The same holds true of a 
defect of the atrial septum. One frequently finds that the leaflets of the mitral 
valve are thickened, but when one examines those valves carefully, one usually 
does not find changes in the chordae; they are not fused, shortened, or thickened, 
and again I believe that dilatation of the atrium, which will cause stretching of 
the valvular tissue, results in the production of fibrous tissue. In defects of the 
interventricular septum there may exist localized endocardial thickening which 
probably can be explained on the basis of mechanical trauma by eddies of blood. 
It is my opinion, therefore, that in evaluation of cases of congenital heart 
disease, considerable caution should be exercised before one says rheumatic fever 
is present, since mechanical factors alone may account for certain endocardial 
changes. Ivlicroscopic evidence of rheumatic carditis is, of course, conclusive. 

(Dr. William H. Carnes, Baltimore, Md.) Did you find very many instances 
of bland vegetations on the valve leaflets, particularly on the right side of the 
heart with pulmonic stenosis, such as I have encountered, and find frequently 
commented on in reports of these cases? Were the vegetations of this type 
which you saw on the valves regarded as being rheumatic vegetations? 

(Dr, Alfred Angrist, Jamaica, N.Y.) YTiat percentage of the hearts showed 
active rheumatic lesions in the mjmcardium, and did one see active rheumatic 
verrucae? My own experience parallels that of the discussers, that the associa- 
tion is uncommon. The fact that some of the localized lesions on the valve have 
mimicked the findings in rheumatic distortion may well represent congenital 
defects of the valve structures, associated vath congenital deformity, because often 
in newborn congenital hearts you see similar gross distortions of the valve. 



SCIENTIFIC PROCEEDINGS 


707 


(Dr. Durlacher) 1 agree with many of the things Dr. Edwards said. I was 
surprised in this analysis to find the high incidence of rheumatic heart disease 
among patients with congenital heart disease over the age of 2 because I did 
not expect it. We had a peculiar coincidence when we began operating on cases 
of tetralogy of Fallot, and one patient died with an acute rheumatic myocarditis. 
That was the start of the analysis. I was very cautious about interpreting the 
results when scars were the only criterion for the diagnosis of rheumatic heart 
~ disease, and for that reason I separated what I called the active and the inactive 
cases and subjected them to separate statistical analysis. I do not know that 
perivascular scarring is any more reliable as a diagnostic criterion for rheumatic 
heart disease than endocardial scars and neither are reliable for diagnosis. The 
value of the interpretation of these depends on the ability of the men perform- 
ing the autopsy. For this reason I tried to get away from that objection by 
taking only the major valvular deformities, such as were shown here, as criteria, 
and only cases with such deformities were included. The analysis of the acute 
cases leaves, I think, no question. I grant the number is small, only 4, but 
there were 4 of 55 cases of congenital cardiac disease, an incidence of 7 per 
cent, which is statistically higher than the rheumatic rate in the noncongenital 
group. 

Bland vegetations were encountered frequently in many of the cases, but I 
was well aware that thrombi on the valves and mural endocardium are quite 
common in congenital malformations, and they were not used as criteria for 
rheumatic heart disease. 

In answer to the question about the number of active cases, we had 7 . per 
cent active rheumatic carditis of 55 cases of congenital heart disease living over 
the age of 2. 

The question of valvular deformities found in newborns did not enter this 
series as the analysis included only cases over the age of 2 years and these new- 
born deformities fell out. 


Unexpected Death in Children with Rheumatic Heart Disease. T. R. 
Hamilton, and (by invitation) W. A. Tanner, E. M. Pebley, Kansas City, 
Kansas, and G. S. Voorhees, Leavenworth, Kansas. 

Abstract. This report cites 4 instances of unexpected death in children in whom 
rheumatic heart disease was the pathologic diagnosis. The ages at the time of 
death were 15, ii, 4, and 2)4 years in this group of 2 boys and 2 girls, of 
whom 2 were white and 2 Negro. 

The most dramatic instance was that of a 15-year-old white boy who dropped 
dead at the blackboard at school. A sclerosing t3q5e of lesion involving smaller 
branches of the coronary arteries was rather marked in this case. There was a 
history of four rheumatic episodes over a period of 7)4 years under medical 
management. The second case was that of an ii -year-old colored girl found 
dead in bed on the fourth day of hospitalization. This was shortly after she com- 
plained of pain in the chest along with nausea and abdominal distress. She 
had had her initial rheumatic episode only 4 months before admission and had 
experienced precordial pain during the last 3 months. Adhesive pericarditis was 
marked in both of these cases with synechia cordis in the latter instance. In 
that case a narrow ostium of the left coronary artery was noted. Pancarditis 
was marked in these enlarged hearts which weighed 660 and 380 gm. respectively. 
The valvular lesions were not stenosing. 

The two younger children were not known to have had rheumatic fever clini- 
cally. A white girl, age 2 years and 8 months, died suddenly during morning 
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care on the first day of hospitalization. This occurred shortly after she had 
complained of pain in the chest. The fourth child, a 4-year-old colored boy, 
suddenly collapsed while at play and died in the emergency room of the hospital. 
Pathologic consideration of these last 2 cases centered on cardiac enlargement. 
In the 4-year-old child the heart weighed 150 gm., which is three times normal 
size, but in the 2-year-old child there was no accurate weight. Anitschkow myo- 
cytes appeared most strikingly proliferative in vascular areas, particularly along 
a delicate verrucous margin of valvular endocardium in the youngest child. 
Pneumonitis was a feature in these 2 cases. 

The most striking coronary lesion was noted in the case of the oldest boy; 
however, he had had fairly persistent cardiac arrhythmia with auricular fibrilla- 
tion. A narrow coronary ostium appeared to be significant in the case of the 
older girl. In 3 of the cases pericarditis was particularly striking. Myocardial 
involvement was a prominent feature common to aU. 

Discussion 

(Dr. Jacob Weme, Jamacia, N.Y.) Most of the pathological conditions which 
are responsible for death may be associated at one time or another with sudden 
death. There are certain conditions associated with sudden death which are 
frequently overlooked unless specific search is made. I refer here to the fre- 
quency with which upper respiratory infections are responsible for death in early 
life. For the discovery of these conditions at autopsy, it is important that the 
neck organs, mastoids, and middle ears be examined particularly. The presence 
of lesions in these areas may often explain why subjects with other conditions 
such as rheumatic heart disease die sooner and more suddenly than might other- 
wise be expected. With regard to the patient dying 10 days after vaccination, 
the possibility of post-vaccinal encephalitis must be considered. 

^ (Dr. Arthur C. Allen, New York, N.Y.) I should like to mention that Aschoff 
bodies of rheumatic myocarditis have been found in a number of instances at 
the Army Institute of Pathology in previously healthy people who died sudden 
traumatic deaths. This fact does not negate Dr. Hamilton’s findings, but it does 
introduce a statistical nicety. 

(Dr. Virgil H. Moon, Philadelphia, Pa.) Many of those who die of un- 
explained causes, or of inadequate causes, have been found to have hypoplasia 
of the adrenal cortex and have lymphoid hyperplasia associated with that. I should 
like to ask the authors whether examination for these features has been made. 

(Dr. Hamilton) The neck organs were not commented upon in all cases. In 
the last 2 cases pneumonitis was a feature, and it was interpreted as of rheumatic 
t3q)e. There was some evidence of decompensation in the second case, that of 
the girl who died after angina of 3 months’ duration. She had chronic passive 
congestion of the liver and some congestion of the lungs. 

In regard to Dr. Werne’s question about the possibility of lesions in the brain 
following vaccination in case 4, it is unfortunate that examination of the brain 
was not allowed. There was no evidence of embolism in these cases, which is 
important, particularly because in the series of Stroud and Twaddle on 15 years 
observation of rheumatic heart disease in children, of the g with sudden death 
5 were under 16 years old, and there was embolism in the majority of these 
cases. We did not observe any indications of embolic phenomena in our cases. 

In regard to Dr. Allen’s comment, I think that it is of major interest in 
sudden death that Dr. Moritz, at the Army Institute of Pathology, analyzed 
40,000 cases and found 5 in which there was evidence of rheumatic heart disease. 
That was an older group, and I did not mention it in this brief report for that 
reason. 



SCIENTIFIC PROCEEDINGS 7O9 

In reply to Dr. Moon’s question, we did not observe lymphoid hyperplasia 
or adrenal hypoplasia in this series. 

The Fate op Blood Injected into the Arterial Media, Wilham B. Wartman, 
Chicago, 111 . 

Abstract. These experiments, which have for their purpose the study of the 
fate of blood injected into the arterial media, were undertaken in order to deter- 
mine whether or not hemorrhage into the media of an artery plays a part in 
the initiation of arteriosclerosis or of dissecting aneurysm. Eight dogs were 
used and a total of 26 hematomas was produced in 17 arteries. Blood from the 
same animal was injected into the wall of the common carotid and femoral 
arteries and abdominal aorta. Because of the extreme thinness of the normal 
canine intima it was found to be impossible to inject blood into it so that 
only medial hematomas were produced. The results were the same in all vessels 
and no difference was noted between venous and arterial blood. Study of hema- 
tomas at various ages from 3 to 352 days showed that the blood was removed 
from the media by gradual destruction of red blood cells accompanied by libera- 
tion of pigment and mild inflammation. Medial necrosis was present during the 
first 8 days, but was not observed after this time. The red blood cells dis- 
appeared between the isth and 24th days. Hemosiderin pigment was observed 
first after 8 days and in most instances persisted for as long as 61 days, but 
in 2 cases it was found at the end of 392 days. Medial scars were first seen 
at the end of 48 days. They were composed of collagenous connective tissue 
and contained capillaries which usually disappeared between 61 and 169 days, 
although in 2 cases they were observed after 392 days. Moderate fibrosis and 
hyalinization of the intima occurred occasionally. In no case was there atheroma 
formation, intimal arteriosclerosis, or aneurysm formation, and no hemorrhage 
occurred from the new capillaries which grew in the hematomas. The whole 
process appeared to be one of organization of the hematomas, resulting in the 
medial scar or in the restitution of the arterial wall. The lesion was apparently 
self-limited and did not progress either to arteriosclerosis or dissecting aneurysm. 

Discussion 

(Dr. S. H, Durlacher, Edgewood, Md.) I find it interesting that there were 
no phagocytes filled with lipids in the media of these vessels. The injection 
of blood into the peritoneal cavity is followed by the accumulation of large 
phagocytes which stain with sudan III. I wonder if any of these were found. 

(Dr. Wartman) We did occasionally find foreign body giant cells, but no 
phagocytes containing lipids. 

Pathology of Amino Acid Depiceency in Rats. I. Phenylalanine Deficiency. 
R. L. Ferguson and (by invitation) Charles Schwartz, Vermillion, S.D. 

Abstract. Weanling male rats were fed a completely synthetic diet for periods 
up to 28 days. Rats of corresponding ages were fed the same diet from which 
the essential amino acid, phenylalanine, was omitted. Control groups were 
carried along on a similar diet in which the amino acid mixture was replaced 
by a corresponding amount of vitamin-free casein, and on a diet in which the 
amino acid mixture was replaced by 2^4 times its weight of vitamin-free casein. 
All rats were weighed periodically and a record of food consumption was kept. 

At intervals rats from each group were sacrificed and sections of all tissues 
and organs were taken for complete histologic study. The results to date indicate 
that in those rats fed the diet deficient in phenylalanine, there was a marked 
retardation of spermatogenesis. 
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Colitis in the Folic Acid-Deficient Monkey with Notes on Siihlarities 
TO Ulcerative Colitis in Man, James F. Rinehart and (by invitation) 
Louis D. Greenberg, San Francisco, Calif. 

Abstract. Progress in nutritional research has been rapid. One of the most 
important advances was the development of a synthetic diet adequate for evalua- 
tion of a single deficiency in the rhesus monkey. With the conviction that the 
nutritional requirements of this primate would most closely approximate those 
of man, we have undertaken systematic studies of deficiency states in this species. 

This report is concerned with our observations on folic acid deficiency. In the 
rather extensive literature on folic acid deficiency there is a surprising lack of 
detailed study of pathologic changes. Most of the experiments have been con- 
cerned with its influence on blood formation. When folic acid is removed from 
the diet, the animals ordinarily gain weight and remain active for 2 or 3 weeks. 
At this time they begin to lose weight. Usually in 4 to 5 weeks they develop 
diarrhea and become less active. Ulceration at the gum margin may develop 
and the weakness and the diarrhea become progressively more severe. 

Our studies on the blood are in essential agreement with those previously 
reported. The animals develop moderate anemia and leukopenia. Administration 
of folic acid causes a reticulocyte response, rise in the white blood cell count, 
and improvement in the gums, bowel function, and general condition. During 
deficiency the pol3anorphonuclear leukocytes show characteristic degenerative 
changes. They become larger, the neutrophilic granules disappear, and bluish 
bodies are seen in the cytoplasm which is often vacuolated. 

We have previously called attention to the characteristic and usually severe 
lesions which develop in the colon. All of the animals developed diarrhea and 
of the 7 animals examined post-mortem, 6 showed a structural colitis. In the 
earlier phases small irregular ulcers with purulent exudate appear in the con- 
gested and edematous mucosa. In time the lesions become more extensive. 
Cystic dilatation is seen in mucosal glands which are lined by atrophic and 
degenerating epithelial cells. Normal mucous secretory activity appears to be 
reduced and many of the cells show h5q)erchromatic nuclei. By others, colitis 
in folic acid deficiency has been ascribed to a concurrent bacillary dysentery 
developing in a weakened animal. By stool cultures on 6 of our animals, the 
Flexner dysentery bacillus was isolated from 2. The others failed to show 
pathogenic organisms. Our evidence indicates that folic acid deficiency specifically 
lowers the resistance of the colon to invasion by pathogens and that an ulcerative 
colitis may develop as a part of the deficiency disease even in the absence of 
pathogenic organisms. The lesions bear a very close resemblance to those of 
ulcerative colitis as it is encountered in man. It is of particular interest that 
one animal which we maintained in a state of chronic deficiency for 23 months 
showed practically complete loss of mucosa and a rigid, thick-walled colon with 
a narrow lumen corresponding to the lesion seen in the late stages of ulcerative 
colitis. 

Our observations suggest that folic acid deficiency may be a factor in the 
pathogenesis of ulcerative colitis in man. This possibility is certainly deserving 
of critical clinical study. 

Discussion 

(Dr. Jolm H. Fisher, London, Ont.) I should like to ask Dr. Rinehart if he 
saw any evidence in his animals of cirrhosis of the liver. We have recently seen 
a human case of long-standing, but relatively mild, chronic ulcerative colitis, in 
which an advanced cirrhosis of the liver was present. 

(Dr. Russell L. Holman, New Orleans, La.) I should like to ask two questions. 
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First, have you any data on therapeutic tests, and second, have you observed 
any dianges in other mucosae, for example, that of the respiratory tract? If you 
have not noticed any difference in the mucosa in other parts of the body, do 
you have any idea why it is present only in the colon? 

(Dr. Jacob Werne, Jamaica, N.Y.) I wonder whether the sera of these animals 
from which no enteric pathogens were cultured were examined for antibodies. 

(Dr. Rinehart) This group of animals did not have cirrhotic change in the 
liver. Some of the animals subjected to pyridoxine deficiency which we have 
studied have shown such changes. In respect to therapeutic trials, these we 
have not made. 

With regard to other mucosal changes: we have found none, other than that 
described in the oral mucous membrane. I am unable to understand the patho- 
genesis of the lesion in the colon at this time. 

I appreciate the suggestion of examination of the serum for antibodies to 
dysentery bacilli and will include it if further study is made. Our study was 
not directed toward colitis; initially it was simply a study of folic acid deficiency. 
I might point out one thing I neglected to say, that other animals subjected to 
equal degrees of inanition have not shown colitis, with one exception. A pyri- 
doxine-deficient animal did develop an ulcerative lesion in the colon. 


Pathogenesis of Cryptococcic (Torula) Meningitis. Komel Terplan, Buffalo, 

N.Y.' 

Abstract. In the majority of the post-mortem reports on cryptococcic infec- 
tion recorded in the literature, the central nervous system was the only organ 
involved. All of the recorded, so-called pulmonary cases (about 20 altogether) 
were, possibly with a rare exception, associated with the well known lesions in 
the central nervous system, especially in their coverings. In most of the cases ^ 
of Torula meningitis, including the generalized types with lesions in various 
organs and with miliary changes in the lungs, no morphologic data are available 
which could point to the respiratory tract as the portal of entry. 

The anatomic and histologic findings of an otherwise typical case of cryptococcic 
meningo-encephalitis observed in a 28-year-old Indian laborer, who was admitted 
to a tuberculosis sanatorium for suspected tuberculous meningitis, are presented. 
Spinal fluid samples yielded abundant masses of Cryptococcus neojormans, the 
pathogenicity of which was established by animal inoculation. Death occurred 
5 months after the initial symptoms of meningitis. Apart from the characteristic 
findings of gelatinous meningitis with small cysts in the cortex and wart-like 
granulomas in the dura, extending into the left gasserian ganglion, a well en- 
capsulated, bean-sized nodule, found in a subpleural position in the right lower 
lobe, measured ii by 6 mm. It resembled in consistency and color a typical 
primary caseated tuberculous focus. Histologic analysis revealed a well encap- 
sulated area, including within the alveolar framework colony-like masses of yeast 
cells with well preserved mucinous capsules. The histologic structure of the 
tissue surrounding this focus pointed to simple capsule formation by collagenous 
fibers blending with the thickened pleura and containing numerous capillary ves- 
sels, moderate infiltrations of lymphocytes, and an occasional giant cell of the 
foreign body type. Part of the adjacent lung tissue was atelectatic. There were 
no other lesions produced by this fungus, either in the lung and its regional 
lymph nodes, or in any other organ, including the mediastinal pleura. The 
paranasal sinuses and middle ears were uninvolved. This primary tubercle-like 
lesion caused by the yeast cells was the only one which could have served 
as the source for the secondary hematogenous spread to the leptomeninges. 
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Discussion 

(Dr. Wiley D. Forbus, Durham, N.C.) I should like to add a word in 
support of what Dr. Terplan has said about the primary pulmonary origin of the 
infection in cryptococcic meningitis. We have recently had an experience which 
helped us a good deal in this connection. In our case we found a primaiy lesion 
comparable in every respect to that which you have seen on the screen. The 
primary lesion lay immediately beneath the pleura. It had ulcerated through 
the pleura and spilled its contents into the pleural space, resulting in an extensive 
invasion of the pleural lymphatics and those of the parenchyma of the lung. 
This was followed by widespread dissemination, but there was no involvement 
of the meninges. After that experience we made a study of all of our other cases 
of cryptococcosis, including those in which no lesion had been found anywhere 
except in the meninges. We returned to the gross material, made careful serial 
sections of the lungs, and found the primary focus in every case as an old fibrous ' 
or caseous nodule. This observation, of course, does not rule out certain other 
possible primary foci. Those who are familiar with the problem will recall the 
paper published by Urbach and Zach in which there was extensive cryptococcic 
infection of the mouth. Obviously, such a lesion might serve as the point from 
which the organisms were disseminated to the internal organs. 

(Dr. Terplan) I would like to add that a few rare observations have been 
recorded mth unusual portals of entry of the cryptococcic infection. The case 
to which Dr. Forbus referred is apparently one of these; and there were a 
few others, one with a deep ulcer in the tongue, one with a lesion in the skin 
(from a razor blade), and also one where the rectum was thought to be the 
site of the original infection. The fact, however, remains, that in the majority 
of the cases reported in the literature only meningeal and cerebral involvement 
has been observed and the lesion or lesions in the lung were not detected. 

The Pathology or Herpes Simplex Encephalitis in Man, with a Report 
OF Three Cases. Webb Haymaker, Washington, D.C. 

Abstract. In 3 proved cases of herpes simplex encephalitis, previously reported 
in abbreviated form, the pathologic changes were very similar. The most striking 
lesions were in the cerebral cortex: they consisted mainly of massive necrosis, 
replacement of superficial lamina by large mononuclear and gitter cells, and 
perivascular invasion of parenchyma by mononuclear cells; in 2 of the cases 
there were m3T:iad neuronophagic nodules. Topographic study on the available 
material disclosed that lesions were most severe in the cerebral cortex, hippo- 
campal formation, subcortical white matter, claustrum and some of the basal 
olfactory nuclei, and affected to much less degree were the striatum, thalamus, 
and cerebellum. The pallidum, amygdala and spinal cord were spared. Type “A” 
intranuclear inclusion bodies were found in profusion in ganglion cells and 
oligodendroglia of the cortex and subcortical white matter, and to a lesser degree 
elsewhere. They stained most satisfactorily with hematoxylin and eosin. 

Discussion 

(Dr. Margaret G. Smith, St. Louis, Mo.) I was very much interested in Dr. 
Haymaker’s presentation. The histologic lesions are much like those which we 
have seen in the one case which has been reported and in two others 
have not been reported. I think there are several points of interest about these 
cases. All of the patients have been quite young people, one of ours being a 
month-old infant, the second a 14-year-old boy, and the third a 17-year-old gn . 
The possible route of entry of this virus into the central nervous system has 
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interested me, and also what relation there may be between the development 
of encephalitis and the individual’s state of immunity. The last two of the cases 
that we have studied have been very interesting in that the lesions were con- 
fined almost entirely to the olfactory areas of the brain, suggesting that the ol- 
factory pathway had been the route of entry of the virus into the central nervous 
system. In the case of the young infant we could obtain no serum from the 
mother to test for antibody for the herpes virus. The other two patients, as far 
as we could learn from their families, had never had herpetic skin lesions. 

(Dr. Hajmaker) As regards the occurrence of herpetic lesions over the pre- 
ceding years in our cases, there is no history of such available. 

The basal olfactory localization of the lesions referred to by Dr. Smith is 
of considerable interest, inasmuch as in one of our cases the initial symptom 
was that of "peculiar smells”; these persisted for 3 or 4 days, and then the 
patient complained of experiencing “peculiar tastes.” Since olfactory sensation 
may be represented, in part at least, in the pyriform area, and since this 
region, together with the anterior perforated substance and nucleus accumbens 
septi, were markedly affected in our case, the olfactory pathways may well have 
been the route by which the virus gained access to the brain. Considered from 
the standpoint of the severity of the lesions, it could well be argued that the 
primary site of attack was the cerebral cortex. 

One other point is worthy of comment, and that is that various stains were 
employed in an effort to determine which w^as the most satisfactory in demon- 
strating the inclusion bodies, and best results were achieved with the standard 
hematojtylin and eosin method. 


Transfer of Immunity to the Virus of St. Louis Encephalitis to Suckling 
Mice Through the Milk, Demonstrated by Foster Nursing. Margaret 
G. Smith and (by invitation) Betty B. Geren, St. Louis, Mo. 

Abstract. Four groups of suckling mice 7 to 12 days of age, a total of 217, 
were used in this experiment. Two groups were mice born of mothers immunized 
by two intraperitoneal inoculations of the St. Louis encephalitis virus. The second 
intraperitoneal inoculation had been given 3 weeks prior to mating. The other two 
groups were mice bom of non-immunized mothers. One group of mice bom of 
immunized mothers was transferred at birth to non-immunized mothers for foster 
nursing. Similarly, a second group of mice bom of non-immunized mothers was 
transferred at birth to immunized mothers. The two other groups of mice, one 
born of immunized and one of non-immunized mothers, were allowed to remain 
with their own mothers. The suckling mice were tested for resistance by intra- 
peritoneal inoculations of the vims. The two groups of mice nursed by immun- 
ized mothers showed significantly greater resistance to the virus than did the 
two groups nursed by non-immunized mothers. The latter two groups showed no 
significant difference in resistance to the virus, although one group was bom of 
immunized mothers and the other group of non-immunized mothers. 

Myocardial Lesions in Poliomyelitis. Vera B. Dolgopol and (by invitation) 
Mary D. Cragan, New York, N.Y. 

Abstract. Acute myocarditis has been found at necropsy in 16 of 87 cases of 
poliomyelitis. The ages of patients ranged from 13 months to 37 years. The foci 
of myocarditis were small, occupying only a small portion of a low-power micro- 
scopic field. Several lesions were usually found in the same section, but in multiple 
blocks from a heart lesions were rarely found in more than 2 blocks. The 
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posterior wall of the left ventricle and the posterior papillary muscle were the 
sites most frequently affected. 

Lesions of three types were encountered. In the first type, which at low power 
showed only increase in the number of nuclei, individual muscle fibers were thin 
and cloudy, with long, wavy nuclei clinging to them. In the second, cellular collec- 
tions, predominantly mononuclear, were present between myocardial fibers which 
usually were intact. The third type consisted of collections of cells in the inter- 
stitial tissue around the blood vessels. The cells usually were histiocytic mononu- 
clear cells, but in one case the infiltrate consisted of polymorphonuclear leukocytes 
and lymphocytes. 

Pneumonia was present in 4 cases; 3 cases showed minimal inflammatory lesions 
in the lungs, 9 showed no pulmonary inflammation. In 4 cases death was appar- 
ently caused by cardiac failure. 

The incidence of myocarditis was 18.4 per cent in the entire material. How- 
ever, in cases with one section available for examination the incidence was 9.3 per 
cent, and in 44 cases with multiple slides it was 27.2 per cent. The latter figure 
is probably closer to the actual incidence of myocarditis in fatal poliomyelitis. 

Cardiovasoctlar Lesions in Acute Poliomyelitis. Ted E. Ludden (by invitation) 
and Jesse E. Edwards, Rochester, Minn. 

Abstract. By means of the method of Gross, Antopol, and Sacks for histologic 
examination of the heart, myocarditis was demonstrated in 14 (40 per cent) of 35 
cases in which acute poliomyelitis was fatal. Myocarditis was classified as severe 
in 6 cases, moderately severe in 4, minimal in 3, and healed in i. In those hearts 
classified as demonstrating severe myocarditis, focal coagulation necrosis of myo- 
cardial fibers and associated infiltration of neutrophils were conspicuous manifes- 
tations. The principal histologic evidences of myocarditis in the other specimens 
were perivascular collections of large mononuclear cells and minimal alterations of 
myocardial fibers. In the heart classified as “healed” there were focal lesions 
characterized by the complete disappearance of myocardial fibers; in these areas 
only myocardial stroma remained. 

Three patients who had myocarditis presented distinctly unusual findings. In 
one there was rupture of the myocardium of the right atrium. In another there 
was acute vegetative endocarditis of the mitral valve, and in a third there was 
acute vegetative endarteritis of a patent ductus arteriosus. 

Since animal inoculations were not carried out in this study, the relationship of 
the poliomyelitis virus to the observed lesions was not definitely determined. How- 
ever, the high incidence of myocarditis among this group of patients and the 
frequency of myocarditis reported by Saphir and others would seem to indicate 
that in the presence of poliomyelitis myocarditis is actually due to the virus of 
poh'omyelitis. 

Discussion of Papers by Drs. Dolgopol and Cragan, and 
Ludden and Edwards 

(Dr. Jacob Weme, Jamaica, N.Y.) I believe it should be emphasized that these 
lesions are not at all specific. Similar lesions were described some time ago by 
Parker and Nye as tissue reaction to streptococcal infection. We have encountered 
these lesions frequently in association with fulminating infections. Their incidence 
in subjects dying with acute infection of whatever cause will vary with the extent 

of the histologic study. . 

(Dr. Kornel L. Terplan, Buffalo, N.Y.) In the post-mortem matenal of tie 
large epidemic of poliomyelitis in 1944 in Buffalo, in the cases examined (about 40 
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of 60), only few minimal interstitial infiltrations of focal character were found in 
sections taken from the heart. In one case they were somewhat more marked. In 
about 15 cases the heart was not examined. Usually one section was taken from 
the right, and one from the left ventricle. The fatal cases in that epidemic were 
practically all of the bulbar type. In all, acute inflammatory conditions of the 
respiratory tract were observed, and it appeared to me that these lesions pointed 
to a failure of peripheral respiration as the immediate cause of death. In the 
pathogenetic consideration of the lesions found in the heart muscle, the inflamma> 
tory changes found in the lungs and in the upper respiratory tract should be 
considered as a possible factor. 

(Dr. Dolgopol) I think I will agree with Dr. Weme that the lesions are probably 
not characteristic of poliomyelitis alone, and that this is one of those myocardi- 
tides observed in many infectious diseases. 

As to pulmonary infections being the cause of myocarditis in our cases, 9 of the 
16 cases showed no inflammation in the lungs or bronchi. We had a number of 
blocks from the lungs available for examination, and there was no inflammation in 
these 9 cases. There was pneumonia in 4, and only minor evidences of polymor- 
phonuclear infiltration in a few alveoli in 3 others, so I would say that the majority 
of our cases were free of pulmonary infection. 

(Dr. Edwards) Pneumonia was not a common factor in our cases. Of the 14 
patients with myocarditis, 3 had pneumonia. 

As to the implication that this lesion is caused by a virus, let me say that it 
is difficult to determine whether a virus is a direct infecting agent in a lesion 
of this kind. Even if a virus were isolated in the myocardium, it might be difficult 
to ascribe lesions directly to the virus. In poliomyelitis, myocarditis is something 
with which one must deal and I would like to say in reference to the recent study 
of Parker and his associates of cases in which the influenza virus was identified in 
the body, that they found myocardial lesions which were identical to those which 
we found in these cases of poliomyelitis. 

Observations with Improved Electron Microscopic Technics on the In- 
ternal Structure op Escherichia Coli Cells and the Generation op 
C oLiPHAGE. James Hillier (by invitation), Stuart Mudd and (by invitation) 
Andrew G. Smith, Philadelphia, Pa. 

Abstract. New lenses, objective apertures, and preparative technics have made 
it possible to begin investigation of the internal structure of bacterial cells. In 
electron pictures of normal Escherichia coli, strain B, the fine structure of the 
protoplasm is resolved as particles spaced in three dimensions; linear aggregation 
is apparent in thinner regions of the protoplasm. Adjacent to the ends of the 
cells and to the planes of division the protoplasm is relatively dense. Between 
these dense areas appear regions of low density containing granules and rodlets 
of very dense matter; these correspond in position and appearance with the 
chromatinic bodies described by C. F. Robinow. 

Coliphage Tg may cause lysis of Esch. coli B cells without phage particles being 
detectable. Adsorption of phage particles to Esch. coli B cells is followed by re- 
organization of the cell contents. The fine structure of the protoplasm becomes 
coarser. Bacteriophage particles appear throughout the cell protoplasm, often in 
linear aggregates aligned in an interparticle matrix; the appearance of the in- 
dividual particles varies from those in which structure is clearly defined to those 
in which definitive structure is suggested only. When Esch. coli cells are lysed, 
certain evidences of pattern may be discernible in the debris. For instance, the 
cell wall yields many characteristic elliptical and circular segments. In older 
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preparations cells may be found packed wth phage particles. Our observations are 
in better accord with the conception that the coliphage particles are synthesized 
by an altered metabolic mechanism of the parent cell. than that they multiply by 
fission or other means. 

Discussion 

(Dr. Edwin W. Schultz, Stanford University, Calif.) We have been working 
with another phage, a pyocyaneus bacteriophage, and it has been our observation 
also that the particles of this phage are always of much the same size and we 
have never been able to observe anything in our micrographs suggesting that they 
undergo division. However, I wonder how Dr. Mudd would explain the intricate 
structure, within the head portion, for example, on the basis of an auto-catalytic 
type of reproduction? It seems to me that this is too complex to be easily ex- 
plained on such a basis. 

(Dr. Stanley H. Durlacher, Edgewood, Md.) Dr. James S. Murphy and I 
performed a very crude experiment. We thought it might be interesting to take 
Esch. colij extract them with various fat solvents, acids and alkalis, and study 
them with the conventional electron microscope. We did this and I believe it was 
our alkali-treated organisms that showed an inhomogeneity of structure which 
resembled very much that shown by Dr. Mudd with the improved electron 
microscope. I wonder whether he has ever done anything of this sort, and whether 
we are seeing the same thing he did. 

(Dr. Mudd) In answer to Dr. Schultz’ question. I think that the earlier hypoth- 
esis of autocatalytic generation of bacteriophage from precursors already present 
in the host cell is quite out of accord with many facts which are currently avail- 
able. On the other hand, I am impressed with two manuscripts by Seymour S. 
Cohen, at present in press in the Journal of Biological Chemistry, which indicate 
that infection with coliphage radically diverts the metabolism of the parent cell 
from the elaboration of Esch. coli protoplasm to the synthesis of desoxyribose 
nucleoprotein characteristic of the infected phage. P32 present as phosphate in 
the external medium was shown to be the principal source of phosphorus for the 
desoxyribose S3mthesized. In accord with this our electron microscopic pictures 
seem to us in much better agreement with the conclusion that phage particles 
are synthesized in the altered protoplasm of the parent cell than that they result 
from division of phage particles. 

Mucormycosis, with Report oe Acute Mycotic Pkeumonia, Roger D. Baker 
and (by invitation) A. 0 . Severance, Birmingham, Ala., and San Antonio, 
Texas. 

Abstract. A case of acute lobular pneumonia in a child of 3 years in Texas, 
due to Mucor, is reported. Mention is made of another case of mucormycosis 
of the nares and brain. As 4 cases of mucormycosis have recently been reported 
in the American literature, 6 cases are available. All have been acutely fatal and 
have occurred in patients with diabetes mellitus. The fungus produces necrosis 
and acute inflammation, grows in blood vessel walls, and causes thromboses. A 
brief summary of the older, chiefly German, literature on mucormycosis is 

presented. 

Discussion 

(Dr Alfred Golden, Memphis, Tenn.) We observed and reported the 3 cases 
to which Dr. Baker referred, and it seems to me this peculiar infection in the 
diabetic offers us another tool in the differential diagnosis of non-pathogenic and . 
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pathogenic fungi. We were impressed with the invasiveness of this organism, as 
Dr. Baker was. We observed in 2 of the cases that the organism could invade 
tissues as tough as the sclera, and in some cases produced a polymorphonuclear 
response, and in others it did not. It is commonly assumed that the degree of 
leukocytic reaction to a fungus is an index of pathogenicity, but I think we have 
another lesson to learn from Dr. Baker’s case, as well as from the others : that we 
should pay more attention to the invasiveness of a fungus, even if there is little 
tissue reaction around it. 


Melioidosis. Report of Second Case from the Western Hemisphere, with 
Bacteriologic Studies on Both Cases. Parker R. Beamer, and (by invita- 
tion) Philip L. Varney, Wilson G. Brown, Frank McDowell, and Birkle Eck, 
St. Louis, Mo. 

Abstract. Melioidosis is a specific, glanders-like infection in human beings, 
caused by a small, pleomorphic. Gram-negative, rod-shaped bacterium, which 
resembles the glanders bacillus in some respects while differing from it in other 
characteristics. In 1912 Whitmore first isolated the causal agent from human 
cases of melioidosis in Rangoon. Although the organism is classified as Malleo- 
inyces pseudomallei, it is known also under other names such as Bacillus pseudo- 
mallei, B. whitmori, Flavobacterium pseudomallei, Pfeifferella whitmori, Actino- 
bacilhis pseudomallei, and Loefflerella whitmori. 

Ordinarily, melioidosis is an acute pulmonary infection, with hematogenous 
dissemination of the organisms to several viscera, producing numerous mih'ary 
abscesses, and septicemia followed by death in a few days. Some 300 cases are 
recorded in the medical literature, approximately two-thirds of these occurring 
in Rangoon, and the remainder in other areas in the Far East. Only a few cases 
of chronic melioidosis have been encountered, and usually in individuals who 
survived the acute form of melioidosis. With one exception all of these patients 
were believed to have contracted the disease in the endemic region described 
above. 

McDowell and Varney reported a case of chronic melioidosis, believed to be 
the first one which originated in the Western Hemisphere. This patient had not 
been out of the United States except for 2 years in Panama, several years prior 
to the onset of the disease. 

The present report concerns a 25-year-old woman member of the U.S. Marine 
Corps admitted to the hospital with chief complaints of soreness and swelling 
in the right lower abdomen. Examination revealed tenderness and induration in 
the right inguinal region. Subsequently this area desquamated, exposing deeper 
layers of the skin partially covered by serofibrinous exudate. Several tender 
nodes became apparent in both inguinal regions, and, from time to time, 
vesicles and bullae developed in the skin. Gradually the lesions in the skin 
spread to the left inguen. Microscopic examination of a biopsy from this region 
revealed numerous i nflamm atory cells in the subcutaneous tissues, chiefly Ijmipho- 
cytes and plasma cells with a few polymorphonuclear leukocytes, but no evi- 
dence of a specific causal agent. The skin lesion continued to spread, the 
patient’s general condition grew steadily worse, and she died approximately 9 
months after admission, after failure to respond to intensive treatment with 
sulfadiazine, penicillin, streptomycin, fuadin, and other therapeutic measures. 

Post-mortem examination revealed a large chronic abscess, underlying the skin 
lesions described above and involving the retroperitoneal tissue -with necrosis of 
subcutaneous structures and muscle of the left side up to the perirenal area, 
posteriorly across the midline to the right side, and downward into the muscles 
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and subcutaneous tissues of the left thigh. Microscopically, the wall of the 
abscess was composed of an outer layer of slightly or moderately dense fibrous 
tissue with several thick-walled blood vessels and numerous inflammatory cells, 
chiefly lymphocytes, plasma cells, and a few polymorphonuclear leukocytes. 
The inner portion of the abscess w'all was comprised of partially organized 
fibrinous exudate containing numerous polymorphonuclear leukocytes. Micro- 
scopic examination of the liver revealed dissociation of hepatic cords in ^n 
advanced degree, necrosis of hepatic cells, and several minute foci of granu- 
lomatous inflammation. In the kidney several of the distal convoluted tubules 
were involved in focal granulomatous inflammation. These visceral lesions may 
represent the effect of sulfa drug, or they may be associated with the primary 
infection. . 

Portions of the wall of the abscess were cultured on blood agar and numerous 
colonies of poorly staining. Gram-negative, bipolar, motile, pleomorphic rod- 
shaped bacteria were isolated, in smooth and rough forms. Morphologically, 
the organisms resembled the glanders bacillus, with the exception of motility, 
and the colonies resembled those of M. pseudomallei described in the literature. 
After thorough study of morphologic and biochemical characteristics the organ- 
ism from this case was identified as M. pseudomallei. It is almost identical with 
the strain isolated from the first case. Each organism was agglutinated by the 
respective patient’s serum to a significant titer, and by antiserum prepared with 
a known strain of M. pseudomallei. Complete bacteriologic studies will be re- 
ported in a paper now in preparation. 

Discussion 

(Dr. Joseph F. McManus, Birmingham, Ala.) Were animals inoculated with 
this material? Mice, I think, are the most important. 

(Dr. Beamer) Mice and guinea-pigs were inoculated with the organism isolated 
from both of these cases. Straus’ reaction in a slight degree was observed in 
guinea-pigs inoculated intraperitoneally. Both strains of the organism were more 
virulent for white mice. Small amounts of young cultures produced death 
regularly. Post-mortem examination of infected animals revealed thick, viscid 
exudate in the peritoneal cavity. Organisms were present in large numbers in 
this exudate and also in the blood. If animals survived beyond a few days, 
small focal lesions were noted in the viscera. Cultures from these organs, par- 
ticularly from the focal lesions, resulted in isolation of the organism. 

Cytoplasmic Inclusion Bodies in Intestinal Epithelium of Mice. Relation 
TO Diarrheal Disease in Sucklings. Alwin M. Pappenheimer and (by 
invitation) F. Sargent Cheever, Boston, Mass. 

Abstract. In a previous report, Pappenheimer and Enders described the occur- 
rence of intranuclear inclusions in a large proportion of suckling mice with diar- 
rhea. The original stock in which the disease had been prevalant for several 
years was accidentally destroyed during the summer of 1946. Since then, new 
stock from several sources has developed diarrheal disease clinically indistinguish- 
able from that occurring in the original stock. In no instance has it been pos- 
sible to demonstrate intranuclear inclusions of the type described. However, 
cytoplasmic inclusions, best shown with the Laidlaw acid fuchsin-orange G stain, 
are present in a high proportion of the suckling mice wth diarrhea arising either 
spontaneously or following the oral administration of extracts of diarrheal m 
testine. They are limited to the epithelial cells of the small intestine, over e 
summits of the villi, and are regularly present during the first few days 0 
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the disease. Later, the inclusion-bearing cells are desquamated into the lumen. 
There is no inflammatory reaction. Normal stock mice, or controls fed with 
boiled extract, or extract of intestine from normal mice, do not show cytoplasmic 
inclusions of this type. 

Discussion 

(Dr. Wilham H. Carnes, Baltimore, Md.) I would like to ask Dr. Pappen- 
heimer whether he has ever looked for similar inclusions in the intestines in 
cases of infantile diarrhea, and if so, whether he has seen anything that resembles 
these. 

(Dr. Pappenheimer) I regret very much that I have not had opportunity 
to study human material. One has to make sure of proper fixation, because the 
superficial epithelium is so easily desquamated after death, and that is where 
one finds the inclusion bodies in the mouse intestine. Furthermore, if there is 
any analogy to the mouse diarrhea, one would expect to find inclusions only 
in the first days of the disease. 


READ BY TITLE 

The Blood and Bone Marrow in Patients with Cirrhosis of the Liver. 
Lawrence Berman and (by invitation) Arnold R. Axelrod, Detroit, Mich. 

Abstract. The peripheral blood and bone marrow findings in cirrhosis of the 
liver have been analyzed on the basis of a review of the literature and the 
authors’ study of 25 patients with diagnoses verified by biopsy of the liver. 
The principal blood findings are macrocytic or normocytic anemia with normal 
or elevated mean corpuscular hemoglobin values, lymphopenia, and thrombo- 
cytopenia in the majority of the cases. Anemia may be independent of bleeding, 
and the severity of the anemia or macrocytosis does not appear to be related 
to the severity or duration of the liver lesion in patients with cirrhosis, al- 
though this appears to be true of experimental cirrhosis in rats. The consistent 
change in the bone marrow is extension of the marrow organ so that active 
hematopoiesis is found in the shafts of the long bones. Regardless of the 
presence or absence of bleeding or anemia, the marrow of the sternum is of 
normal or increased cellularity, with normal or increased erythrocytogenesis and 
megakaryocytogenesis in most cases. Hypocellularity of the marrow is an un- 
usual finding, even in patients with advanced liver lesions. Macronormoblastic 
erythropoiesis is seen in patients with macrocytic anemia, but megaloblastic 
erythropoiesis does not result from hepatic cirrhosis. 

The presence of peripheral cytopenias (anemia and thrombocytopenia), in spite 
of normal or increased formation of erythroblasts and megakaryocytes in the 
marrow, is suggestive of h5q3ersplenism in patients with cirrhosis of the liver. 
In patients with chronic hemorrhage the blood and sternal marrow pictures are 
those of iron-deficiency anemia, although other changes such as lymphopenia and 
thrombocytopenia tend to persist. 

The combined studies of the peripheral blood and sternal marrow are often 
of value in establishing a diagnosis of cirrhosis of the liver. 

Sex Difference in the Alkaline Phosphatase Distribution in the Kidney 
OF THE Mouse, Thelma B. Dunn, Bethesda, Md. 

Abstract. A sex difference was noted in the distribution of alkaline phosphatase 
in adult male and female kidneys from 5 inbred strains of mice. In both the 
male and female, the ceUs of a short segment of the proximal convoluted tubules 
after leaving the glomeruli were intensely stained throughout. In the male, an 
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additional segment showed an intense staining of the brush borders only. This 
difference developed with sexual maturity, and it was not detected in immature 
mice or in other species examined, namely, the rat, guinea-pig, and rabbit. 

The Effect of Sulfathiazole upon Experimental Pyelonephritis in Rab- 
bits. John H. Fisher and (by invitation) N. 0 . Toplack, London, Ont. 

Abstract. Not received. 

A EbSTOLOGIC AND CHEMICAL STUDY OF NeCROSIS OF SKELETAL MuSCLE IN AcUTE 
Ischemia. John W. Harman and Rodney P. Gwinn (by invitation), Madison, 
Wis. 

Abstract. It was previously observed that after the institution of complete 
ischemia in the limbs of rabbits and rats a progressive, characteristic necrosis 
commenced to manifest itself at the fourth hour with the appearance of Bowman's 
discoid degeneration. A further study revealed that release of the major vascular 
occlusion failed to preclude extension of the necrosis because of the resultant 
stasis. In a closely correlated study of the histologic and biochemical changes 
and the contractility in such muscles, it is found that the extent of the necrosis 
reaches its maximum by 3 hours subsequent to release of the tourniquet and 
is proportional to the duration of the ischemia. Contractility rarely reappears 
until a lapse of 20 hours after release of the tourniquet and the percentage of 
muscles which are excitable is also dependent upon the duration of the ischemia 
and the extent of the necrosis. 

In muscles ischemic for 4 hours it is known that the high-energy compounds, 
glycogen, adenylpyrophosphate, and phospho creatine, are completely hydrolyzed 
and are not resynthesized within 4 hours of release of the tourniquet. This is 
substantiated by inability of such muscles to contract upon faradic stimulation. 
After 24 hours, however, over 80 per cent of such muscles are contractible to 
faradic stimulation. Chemical analysis reveals that in these there is a significant 
resynthesis of glycogen, adenylpyrophosphate, and phosphocreatine. Lactic acid 
also is present in greater quantity than in normal muscle. 

It is suggested that the anoxia associated with the ischemia permits depletion 
of the high-energy reserves, which initiates the collapse of the cellular structure, 
as indicated by the proportionality of this to the duration of ischemia and by 
the rapidity with which this is reached after relief of the ischemia. On the other 
hand, the very considerable structural survival and both biochemical and physi- 
ologic recovery of muscle fibers accord most aptly with the view that cell death 
and "biochemical irreversibility” are not dependent upon depletion of the energy 
reserves unless this is associated with some more profound alteration. It is 
believed that this determinant of irreversibility is the structural disintegration 
which, though the final event in the sequence, is the decisive one. This struc- 
tural change is seen in several forms to which are applied the designations of 
Bowman’s discoid degeneration, Zenker’s hyaline degeneration, and Fishback’s 
granular degeneration, even though all have a similar pathogenesis.- 

Hodgkin’s Granuloma Involving Bone. John B. Hazard, Cleveland, Ohio. 

Abstract. Bone involvement in Hodgkin’s granuloma at autopsy is rather com- 
mon, but as a presenting lesion, especially without detectable changes in the 
peripheral lymph nodes, it is unusual. Recently 2 cases in the latter category 
were observed. A woman, 47 years of age, with pain and a mass in the sacro-i ac 
region, on roentgenographic examination, was found to have an osteoblas ic 
lesion of the left ilium and also evidence of a pulmonary mass with enlarge 
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mediastinal l3Tnpli nodes. Biopsy of the ilium revealed typical Hodgkin’s granu- 
loma. A man, 45 years old, with the complaint of pain in the chest and back, 
ropntgenographically presented an expanded, rarefied lesion in the 8th rib. The 
resected segment was replaced almost entirely by semifluid yellowish tan tissue 
forming an ovoid mass 4 cm. in diameter, with an irregular bony shell. Unlike 
the usual lesion of Hodgkin’s disease, the mass was formed principally by puru- 
lent exudate, often in large lakes, and by granulation tissue. The latter was in- 
filtrated by many polymorphonuclear neutrophils, in patches by eosinophils and 
lymphocytes, and by large mononuclear cells, which were in considerable numbers 
in some locations and occasionally presented at5T)ism evidenced by variability 
in size and nuclear vesicularity. The lesion was regarded as a granuloma, proba- 
bly eosinophilic granuloma. Subsequently, the axillary and inguinal l5miph nodes 
became enlarged and on biopsy were typical of Hodgkin’s disease. Though Hodg- 
kin’s granuloma has not been authenticated as arising primarily in bone, the 
osseous lesions may be a primary manifestation of considerable importance in 
diagnosis of the disease. Softening and suppuration may be prominent patho- 
logic features. 

The Topography op Chronic Gastritis in Othervhse Normal Stomachs.* 

Robert Hebbel, Minneapolis, Minn. 

Abstract. Ninety-seven stomachs, free of ulcer, scar, tumor, and obscuring 
post-mortem changes, obtained at autopsy from individuals of all ages and both 
sexes, whose past histories recorded no gastric complaints, were searched in 
sections of rolls of mucosa from the entire lesser and greater curvatures, re- 
spectively, for evidences of chronic gastritis. The presence, severity and distri- 
bution of lymphocytic infiltration, lymph follicles, atrophy, intestinal metaplasia, 
pseudopyloric glands, cysts and erosions were recorded. Any parench)mial lesion 
was considered abnormal. L3Tnphocytic infiltration in excess of mild degree was 
considered abnormal, but those specimens which showed only excess infiltrate 
were kept separate. The changes were noted to be focal (isolated parench3nnal 
lesions well within a microscopic field), patchy (several somewhat larger lesions), 
or diffuse (involving the whole segment considered). 

Abnormality in some degree was found in 70 (72 per cent) of the specimens. 
Of the 27 stomachs free of changes, 20 were from persons less than age 51 and 
7 were from those over age 50. There was no uniformity of involvement be- 
tween antrum and body, and in either segment the changes varied from isolated 
foci to diffuse alterations. Some specimens showed focal or patchy lesions on 
one or both curvatures. A few showed diffuse changes on one curvature and 
focal or patchy lesions on the other. Some showed diffuse changes on both cur- 
vatures, but these made up a small proportion of the total. Many of the lesions 
were not quantitatively significant but where, short of diffuse involvement, to 
draw a line between normal and abnormal on the basis of quantitative change 
is uncertain. 

The antrum and body are best considered separately. The antrum was ab- 
normal in some degree in 64 specimens (66 per cent of the total, 50 per cent 
of the 44 specimens from persons less than age 51, 89 per cent of the 53 speci- 
mens from those past age 50). Focal lesions predominated in the younger group. 
Diffuse parenchymal changes were found in 8 specimens (8.2 per cent of the 
total), i.e., in i (2.3 per cent) of those from persons under age 51 and in 7 
(13 per cent) of those from persons over age 50. 

■ ^The body mucosa was abnormal in some degree in 48 specimens (49.5 per 

This article will appear in a subsequent issue of The American Journal of Pathology, 
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cent of the total, i.e., 27 per cent of those less than age 51, 68 per cent of those 
over age 50). Diffuse parenchymal changes were found in 14 specimens (14.4 
per cent of the total) and thus occurred in 3 (6.8 per cent) of those less than 
age 51 and in ii (20 per cent) of those over age 50. Diffuse parenchymal changes 
involving both antrum and body were observed in but one specimen. 

The Effect of Low Protein and Low Choline Diets on the Absorption of 
Iron and Copper. D. M. Hegsted (by invitation), T. D. Kinney and J. A. 
Cartaya (by invitation), Boston, Mass., and Cleveland, Ohio. 

Abstract. Rats w'ere fed on a diet low in protein (8 per cent casern) and choline 
but adequate in vitamins and minerals, to which was added 2.2 per cent ferric 
citrate or o.i per cent copper sulfate, or the two salts together. Iron was defi- 
nitely toxic as judged by the gross appearance, survival time, and weight loss. 
Copper was not toxic, but the combination of iron and copper was more toxic 
than iron alone. Choline did not protect against this toxicity, but the further 
addition of protein prevented all evidence of toxicity. The nature of the toxic 
action of iron is not clear. The iron content of the livers was slightly elevated 
and some iron could be demonstrated in the liver cells on histologic examina- 
tion, but it is believed that this was not great enough to be the cause. Lack 
of phosphate absorption was apparently not involved since there was no sig- 
nificant difference in the amount of bone ash between animals receiving iron 
and control animals. Examination of the bone also showed no variation from 
the control animals. 

Choh’ne and copper appeared to be interrelated. Copper largely prevented fat 
deposition in livers of rats on choline-deficient diets. Further, when choline was 
added to the diet larger quantities of copper were present in the liver. 

The Pathologic Effects of Two Phosphine Oxide Anticholinesterases. H. 
Walter Jones, Jr., and Benjamin Landing (by invitation), Bethesda, Md. 

Abstract. During investigation of the relationship between the toxicity of 
organic phosphorus compounds and their inhibition of brain cholinesterase in 
vitro, it was discovered that p-chlorophenyl diethoxy phosphine oxide (A) and bis 
(p-chlorophenyl) ethoxy phosphine oxide (B) significantly inhibit cholinesterase, 
A being over ten times as active as B. However, deaths resulting from a single 
injection of either compound frequently were delayed as much as 5 days, whereas 
the anticholinesterases di-isopropyl-fluorophosphate and tetraethyl pyrophosphate 
cause immediate deaths only. Pathologic effects following intraperitoneal ad- 
ministration of these compounds were therefore studied in mice, rats, dogs, and 
rabbits. 

The lesions produced by both compounds in the various organs were essentially 
the same in all animals. The splenic follicles showed pyknosis and degeneration 
of lymphocytes, and phagocytosis of debris by large reticulum cells; larger 
doses produced hjTiocellularity without phagocytosis in both white and red pulps. 
After 2 days the mitosis rate in the follicles tended to increase. The thymus 
showed widespread pyknosis and degeneration of the cortical lymphocytes. The 
changes produced in l>Tnph nodes and Peyer’s patches consisted of lymphocytic 
degeneration and phagocytosis of debris after smaller doses, and more marked 
Ijmiphocytic degeneration and hypocellularity without phagocytosis after larger 
doses. Congestion and mild hypocellularity were the only changes observed m 
the bone marrow. 

In mice, the superficial protoplasm of the renal proximal convoluted tubules 
sloughed into the lumina, forming protein casts. In rats, this cytoplasmic sloug 
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did not occur, but the nuclei of the epithelial cells of the proximal convoluted 
tubules •were often pyknotic. In the gastrointestinal tract, increased mucous 
secretion and an increased number of mitotic figures in the epithelium of the 
glands were observed. In the testis, pyknosis of all of the spermatogenic layers 
with shrinking or loosening of the layers was the only change observed. In a 
few animals with relatively severe lymphoid damage, the Kupffer cells of the 
liver were pyknotic. The lungs during the first 48 hours showed moderate 
atelectasis, with increased leukocytes in the alveolar capillaries, and congestion. 
The brain after B showed mild edema and shrinkage of some cortical ganghon 
cells. Peripheral (sciatic) nerve was examined in one dog after three injections 
of B over a period of 20 days. No evidence of peripheral neuritis was observed. 
Compound A produced microscopic evidences of peritonitis, perisplenitis, and 
peripancreatitis; these did not occur with B. 

The total and differential leukocyte count were unaffected by single LD50 doses 
of A or by six injections of one-half LDco each during an 8-day period, but 
doses of 2.5 LD50 caused an absolute lymphopenia and usually a polymorphonu- 
clear leukocytosis. 

The sulfur present in the urine as ethereal sulfate was elevated after injec- 
tions of A in rats and rabbits, suggesting that these compounds are excreted as 
sulfate conjugates. 

Visceral lesions of the type described are not observed following lethal doses 
of more active anticholinesterases, so that these compounds may have some other 
mode of action. The pattern of organs damaged, lymphoid tissues, testis, kid- 
ney, and gastrointestinal tract, suggests that seen with mustards, but the effects 
are much less severe than those produced by many mustards at comparable dose 
levels and seem inadequate to account for death. The doses of these two com- 
pounds necessary to damage proliferating tissues are so toxic than they appear 
to have no potential use in tumor therapy. 

Development and Pathognomonic Evaluation of Giant Cells in Bone 
Tumors and Similar Conditions. Fritz Levy, Huntington, W. Va. 

Abstract. The term “giant cell” is used for two different formations which are 
remarkably larger than the average or standard cell of a certain tissue. The first 
one is characterized by imsharp or sharp limitation of the cytoplasm and a num- 
ber of nuclei of the same size. This formation is represented in normal tissue 
by the so-called osteoclast. The second type includes polyploid cells with i or 
more nuclei with increased chromosome number; it is represented in normal 
tissue by the megakaryocyte of the bone marrow. 

Both kinds of formations are found in various neoplastic diseases. They do 
not have special functions, but, if they have any functions at all, these are 
remainders of the functions of the cells of origin. The different ways of develop- 
ment show that only the presence of numerous polyploid cells is an essential 
factor in the diagnosis of malignancy, since single polyploid cells occur occasion- 
ally in all tissue. 

Brucellotic Osteomyelitis of the Spinal Column in Man. Leo Lowbeer 
(by invitation), Tulsa, Okla. 

Abstract. It is well recognized that Brucella organisms not only cause septicemia 
but also focal inflammations, often of granulomatous character, in man and 
other animals. Osteomyelitis of the spine and other bones of the hog caused 
by Brucella suis has been described by Feldman, Graham, and others, and I have 
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studied its histologic character. Osteomyelitis can be produced in about 30 per 
cent of Brucella-inoculated guinea-pigs. In man approximately 200 cases of 
brucellotic osteomyelitis have been described by roentgenologists and clinicians, 
three-fourths of which showed involvement of the spine. These were caused pre- 
dominantly by the melitensis strain. The low mortality of brucellosis partly ac- 
counts for the almost complete absence of microscopic studies on brucellotic 
osteomyelitis. 

Through the courtesy of Dr. T. de Villafane Lastra, Professor of Epidemiology 
at the University of Cordoba, Argentina, I have been fortunate enough to obtain 
three human spines from patients who died with subacute brucellosis, melitensis 
type, and who had developed clinical symptoms of spondylitis. The gross speci- 
mens showed small and large areas of destruction of disks and contiguous verte- 
bral bodies in the dorsolumbar spine. Occasionally, small osteomyelitic foci 
were found in anterior or central portions of vertebrae. Exostoses were frequent. 
Microscopic examination showed subacute osteomyelitis vdth destruction of can- 
cellous bone, end-plate, cartilage-plate and disk by granulation tissue which in 
early phases consisted of poljnnorphonuclear leukocytes, IjTuphocytes, and plasma 
cells, and enclosed small abscesses, the contents of which have a tendency to 
become necrotic. In this phase the process is similar to that found in pyogenic 
osteomyelitis of the spine, but less destructive, less purulent, and perhaps with 
more tendency to repair. It also resembles experimental osteomyelitis produced 
in Brucella-inoculated animals. 

In later stages large mononuclear cells, fibroblasts, and occasional bizarre 
multinucleated giant cells of foreign body type appeared. Still later the granula- 
tion tissue consisted of large macrophagic histiocytes, surrounded by thick layers 
of lymphocytes and plasma cells which in turn were surrounded by young fibro- 
blasts and connective tissue. It was well vascularized but underwent extensive 
central coagulative necrosis of perhaps allergic origin. It contained large num- 
bers of mrjltinucleated giant cells of foreign body type, apparently osteoclastic 
in nature, surrounding or enclosing small bony sequestra. There was also for- 
mation of tubercle-like granulomatous nodules composed of histiocytes of non- 
epithelioid appearance. Acid-fast baciUi could not be demonstrated. In this 
phase the process resembles Br. siiis osteomyelitis of man as described by me, 
and also spontaneous brucellotic osteomyelitis of the hog. Necrosis, therefore, 
occurs in melitensis as well as in suis infections. 

Whether or not these lesions are actually caused by Brucella cannot be stated 
with absolute certainty as long as cultures taken directly from the affected ver- 
tebrae are not available. Since, however, these lesions occurred in cases of active 
subacute brucellosis with positive blood cultures; since, in the absence of fistulae, 
there was no likelihood of secondary bacterial invasion; since the absence of 
a truly suppurative inflammation in the early phase speaks against infection 
by pyogenic organisms; and since the later granulomatous-necrotizing phase bears 
no true resemblance to tuberculous infection, one may safely assume that the 
lesions are brucellotic in character. 

Pathology of Rupture of the Spleen in Acute Vivax Malaria. Joseph M. 

Lubitz, Wood, Wis. 

Abstract. A pathologic study was made of the ruptured spleen in acute vivax 
malaria. Four cases were available for examination, in 3 which Plasviodtui^i 
vivax was isolated and in the fourth the diagnosis of malaria was highly probable. 
Rupture of the spleen in malaria is preceded by a subcapsular hematoma. C ar 
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acteristically, the microscopic picture is that of diffuse reticulum cell hyperplasia, 
subendothelial and adventitial leukopoiesis, and dilatation of sinusoids and ven- 
ules. Thrombosis and infarction may occur, but were not found consistently. 
In all cases there was subcapsular dilatation of vessels with small hematomata, 
not only at the site of rupture, but also in distant areas. Extension of such 
hemorrhages to the capsule and their confluence appeared to produce the sub- 
capsular hematoma. Stagnation of blood in the sinuses is believed to be caused 
by the general cellularity and the narrowing of the lumina by subintimal leuko- 
poiesis. As stated by Rigdon, this is a contributing factor in the formation of 
thrombosis and infarction. Clinically, a pleural effusion on the left side may 
indicate splenic rupture. 

The Structure or the Renal Glomerulus in the Normal Human Kidney 
AND IN Some Disease Conditions.* J. F. A. McManus, Birmingham, Ala. 

Abstract, i. The basement membrane in the normal glomerulus as shown with 
the periodic acid-Schiff’s reagent technic derives from Bowman’s capsule and 
attaches to the arterioles at the glomerular root. It encloses capillary loops and 
certain infrequent stroma cells of the mesangium, and the latter in the intercapillary 
or axial space. 2. The axial space is prominent in diabetes mellitus. It appears 
finely fibrillar. 3. Marked involvement of the axial space can be seen in various 
disease conditions: acute inflammation in acute glomerulonephritis; glycoprotein 
accumulation in intercapillary glomerulosclerosis; vacuolation and reticulation 
in eclampsia; lipoid accumulation in "lipoid nephrosis.” 

Factors Influencing Collagen Content in Experimental Cirrhosis.* 
Thomas G. Morrione (by invitation), Burlington, Vt. 

Abstract. Cirrhosis was produced in 220 rats by exposure to carbon tetra- 
chloride vapors every other day for 35 days. The increase in hepatic collagen, 
as determined quantitatively by Lowry’s method, followed a curve of exponential 
type. After stopping the carbon tetrachloride, significant decreases occurred in 
hepatic collagen. The decrease was greatest on a low protein diet supplemented 
with methionine, choline, and cystine. Little or no collagen resorption occurred 
on a low protein-high fat diet. Ligation of the portal vein in rats with cirrhosis 
interfered with resorption of collagen provided no adhesions were present. The 
latter favored reversal of the cirrhosis. 

Histologic Lesions Encountered in Segmental Enteritis. Henry Rappaport 
and Fred H. Burg03me (by invitation), and Hans F. Smetana, Washington, D.C. 

Abstract. A detailed histopathologic study of no cases of segmental enteritis 
submitted to the Army Institute of Pathology between the years 1940 and 1947 
revealed certain histologic features which could not be explained readily on the 
basis of ulceration and chronic inflammation alone. These were: (i) edema out 
of proportion to the severity of the inflammatory infiltration; (2) marked dilata- 
tion of the lymph vessels; (3) presence of granulomatous lesions having the 
morphologic features of non-caseating tubercles in the intestinal wall and in the 
regional lymph nodes. 

Granulomas with giant cells were found in the intestines in 40 (36 per cent) of 
the cases and were of two main types. One was characterized by predominance 

♦ This artide will appear in a subsequent issue of The American Journal of Pathology. 
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of giant cells of the foreign body type, did not appear well organized, and usually 
blended imperceptibly with the surrounding inflammatory reaction. The giant cells 
frequently contained foreign bodies of varied structure, the nature of which 
usually could not be identified. The second type of granuloma consisted of well 
organized, circumscribed masses of epithelioid cells, with or without giant cells, 
and arranged in a tubercle-like fashion, histologically indistinguishable from the 
non-caseating, tubercle-like lesion observed in sarcoidosis. This type occurred 
in the intestines in 21 (19.1 per cent) of the cases. Lymph nodes were available 
for study in 17 of these 21 cases and 16 of them showed identical non-caseating, 
tubercle-like granulomas. In none of these cases, however, was there clinical or 
autopsy evidence of generalized sarcoidosis. In comparison, none of the 22 autop- 
sied cases of sarcoidosis on file at the Army Institute of Pathology showed any 
involvement of the jejunum or ileum. 

An analysis of the racial distribution of segmental enteritis and sarcoidosis 
revealed the following: 


Disease 

White 

Negro 


per cent 

per cent 

Segmental enteritis (all cases) 

Segmental enteritis with non-caseating tubercle-like 

. . . 94.4 

5.6 

granulomas 

. . . 88.9 

II.I 

Sarcoidosis 

■ • • 394 

60.6' 


Vascular changes were encountered in a considerable number of cases; Among 
these, marked endarteritis was seen most frequently. The intimal proliferation 
was sometimes confined to a limited segment of the vessel. In a few instances 
both granulomatous arteritis and phlebitis were observed. In some cases there 
was a peculiar type of granulomatous l5miphangitis in which the granulomas 
encroached upon and obstructed the lumina of lymph vessels. 

Experimental Endometriosis. Jacob M. Ravid, New York, N.Y. 

Abstract. This problem was undertaken for the purpose of learning something 
about the pathogenesis of endometriosis. Forty rabbits were used. Pieces of 
endometrium were excised and then implanted in the skin, peritoneal cavity, 
ovary, and the anterior chamber of the eye. Some of the animals subsequently 
received injections of estrogens and of urine from pregnant women. After varying 
periods of time positive “takes” were obtained in about 60 per cent of the 
animals. Such lesions were nodular and cystic. Microscopically, these nodules 
were made up of islands of endometrium, some of which had the typical appear- 
ance of miniature uterine cavities. Some of them also showed proliferation of 
smooth muscle fibers and embryonal cytogenic stroma. These experiments demon- 
strate the comparative ease with which experimentally implanted bits of endo- 
metrium can be made to grow in the rabbit, thus lending support to Sampson’s 
implantation theory of endometriosis. 

Obscure Axillary Lymph Node Metastasis in Carcinoma of the Breast. 

Otto Saphir and (by invitation) George D. Amromin, Chicago, 111 . 

Abstract. Axillary lymph nodes from 30 patients with carcinoiha of the breast, 
which on routine examination were reported as uninvolved, were restudied ^ s- 
tologically by means of serial sections. Of these 10, or 33.3 per cent, containe 
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carcinoma cells. No relationship could be established between a hyperplasia oi 
the sinus endothelium or of the reticulum cells, or of so-called pre-invasive 
changes and the presence or absence of metastases in lymph nodes. The necessity 
of performing more careful and thorough examinations of nodes in regions of 
malignant tumors is emphasized. The only means of ruling out carcinoma 
metastases is examination by serial sections. These are essential for correct 
prognosis and evaluation of surgical results. 


Morphologic Changes in Syphilitic Lesions During the Herxheimer 
Reaction. Walter H. Sheldon and (by invitation) Albert Heyman, Atlanta, 
Ga. 

Abstract. The Jarisch Herxheimer reaction has long been recognized as a 
complication of the treatment of syphilis. This reaction is a unique phenomenon 
since it occurs only in response to antisyphilitic' therapy. It is thought to be 
caused by the release of spirochetal breakdown products. The syphilitic lesions 
frequently show gross changes during this reaction, but no histologic observa- 
tions have been reported. 

We have made histologic studies of the cutaneous and mucosal lesions during 
the Herxheimer reaction in several groups of patients with secondary syphilis. 
Definite histologic changes occm: during this reaction. These consist of conges- 
tion, edema, alteration of the vascular endothelium, and acute inflammatory cellu- 
lar infiltration. The changes are confined strictly to the syphilitic lesions. They 
appear within 5 hours after treatment and subside within 18 to 24 hours. These 
histologic changes were found in practically all patients with clinical evidences of 
the Herxheimer reaction. Similar changes probably occur during the Herxheimer 
reaction in late S3q)hilitic lesions of the cardiovascular and central nervous system. 

Our findings show that histologic changes occur in syphilitic lesions during the 
Herxheimer reaction. These changes may account for the serious complications 
which are occasionally encountered. Our findings also reveal a similarity between 
the morphologic changes of the Herxheimer reaction and h3q)ersensitivity of the 
tuberculin tjqje. Further studies are in progress which may lead to a better under- 
standing of some of the immunologic aspects of syphilitic infection. 

The Pulmonary Manifestations of Scleroderma; an Anatomic-Physiologic 
Correlation. David M. Spain and (by invitation) Albert G. Thomas, New 
York, N.Y. 

Abstract. Among the visceral changes occurring in scleroderma, those in the 
lung may lead to serious clinical results. The changes consist of hyaline fibrotic 
thickening in the interstitium of the lung parenchyma. Numerous cystic areas are 
present as well as compact areas of fibrosis. Many alveoli' are gradually reduced 
in size. Associated bronchiolar changes give rise to patchy zones of obstructive 
emphysema. A case is presented with detailed respiratory and ventilatory func- 
tional studies. These studies are correlated with the necropsy findings. Both the 
respiratory and ventilatory functions are markedly impaired. The anatomic changes 
responsible are: Involvement of skin over the thorax with impairment of chest 
motion; fibrous contraction of the pleura with resultant compression of the lung; 
diffuse peribronchiolar fibrosis with obstructive emphysema; and diffuse inter- 
stitial fibrosis with impairment of gaseous exchange. At times these lung changes 
may be the first or the most prominent manifestation of scleroderma. 
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Heterotopic Bone Formation in the Skin, Robert E. Stowell, St. Louis, Mo. 

Abstract. Nine instances of heterotopic bone formation in the skin are reported. 
Two occurred in basal cell carcinomas. Step sections through 40 healing or healed 
surgical scars revealed bone in 3 specimens. The findings in these cases, together 
with those in 100 similar cases collected from the literature, are discussed in 
considering probable etiologic factors in the formation of heterotopic bone. 

Difeerential Diagnosis in Congenital Syphilis of the Umbhical Cord.* 
Ruth C. Wanstrom and A. James French, Ann Arbor, Mich. 

Abstract. Not received. t 

♦ This article will appear in a subsequent issue of The American Journal of Pathology. 
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THE EFFECT OF PATENT DUCTUS ARTERIOSUS AND OF INTER- 
AURICULAR AND INTERVENTRICULAR SEPTAL DEFECTS ON 
THE DEVELOPMENT OF PULMONARY VASCULAR LESIONS * 

Kenneth J. Welch, and Thomas D. KiNNEy, M.D.1: 

{From the Departments of Pathology of the Harvard Medical School and the 
Peter Bent Brigham Hospital, Boston, Mass.) 

During the past several years there has been increasing interest in 
the diagnosis and surgical treatment of congenital heart disease. No 
systematic study has been made of the possible changes in the puL 
monary circulation in cardiac anomalies in which there is a left to right 
shunt. This matter now assumes greater importance as the result of 
operations recently introduced in which a systemic vessel is anas- 
tomosed to the pulmonary artery. For this reason, representative 
groups of cases of congenital heart disease in which there was a left to 
right shunt were studied. The histologic changes in the lungs were 
evaluated and an attempt was made to correlate these findings with 
known physiologic facts regarding the pulmonary circulation in similar 
groups of cases. 

Material was gathered from the autopsy files of the Beth Israel (BIH) , 
the Children’s (CH), the Mallory Institute of Pathology at the Boston 
City (BCH), the Massachusetts General (MGH), and the Peter 
Bent Brigham (PBBH) Hospitals. This represented an autopsy popu- 
lation of 44,2 20. From this group, 67 cases of congenital heart disease, 
considered to be suitable for this study, were selected. 

Only cases which were significant from a clinical as well as a patho- 
logic viewpoint were used. Cases in which there were multiple defects 
were discarded unless the associated lesions might be ej^ected to 
increase the degree of left to right shunt. Three main groups were 
studied: (i), patent ductus arteriosus; (2), interauricular septal de- 
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fects; and (3), interventricular septal defects. A fourth. but smaller 
group in which there was a combination of lesions giving a left to right 
shunt also were included in the study. 

Control groups of 10 cases from each of the first 7 decades of life 
were studied also to give a baseline of pulmonary vascular change 
resulting from age alone. Care was taken to avoid, so far as possible, 
any condition which would predispose to secondary pulmonary vascu- 
lar change. Special care was taken to eliminate cases in which there 
was chronic pulmonary disease, i.e., emphysema, extensive fibrosis, 
obliterating pleuritis, tuberculosis, neoplasm, or thoracic deformity. 
Cases with cardiovascular-renal disease of any t3rpe also were dis- 
carded. 

Methods 

It was necessary to depend upon autopsy protocols for the descrip- 
tion of lesions of the large branches of the pulmonary artery. This 
represented the work of a large number of prosectors with consequent 
variation in reliability. Routine sections of lung were used for micro- 
scopic study. These usually were taken at random from unspecified 
portions. Two to eight blocks from each case were studied. Sections 
were fixed in either Zenker’s acetic or 10 per cent formalin solutions. 
They were stained with hematoxylin and eosin, a combination of van 
Gieson’s and Weigert’s elastic tissue method on the same section, and 
Masson’s , trichrome light green stain. 

Because of the confusion in terminology regarding the divisions of 
the pulmonary artery, the vessels were arbitrarily divided by size into 
four groups. External diameters of the arteries were computed from 
the external elastic lamellae. Group I consisted of vessels greater than 
I mm. in diameter; group II, 250 to 500 group III, 100 to 250 /x.; 
and group IV, 25 to 100 )Lt. These were studied to determine the t3q)e, 
location, and extent of any vascular lesions present. 

The sections were pooled and then examined objectively without 
knowledge of the age of the patient or the extent and nature of the 
cardiac lesions. 

The changes were graded from i plus to 4 plus depending upon 
the severity of the lesion. The lesions in each group were classified 
under three general headings; intimal proliferative changes, hyaline 
changes, and medial changes (Table I). 

The intimal proliferative lesion consisted of an increase in subendo- 
thelial connective tissue and was frequently associated with splitting 
and reduplication of the elastica interna. This change ranged from 
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asymmetric plaques mvolving a small segment of the circumference 
of a vessel in mild' lesions to a total obliterating endarteritis in severe 
lesions. There was considerable variation in the cellularity of the le- 
sions, and occasionally vacuolar degeneration was found. There ap- 
peared to be a transition stage between intimal proliferative and 
intimal hyaline lesions with loss of cellularity and increasing evidence 
of collagen deposition. 

Hyaline lesions* consisted of a deposition of acellular, homogeneous, 
subendothelial hyalin. In the mild lesions, small asymmetric deposits 
were present, while in severe lesions a thick hyaline ring was found 
with marked reduction of the lumen of the vessel. The location of the 


Table I 

Grading of Lesions 




++ 

+++ 

++++ 

Intimal 

proliferation 

Occasionally 
present and 
asymmetric 

Consistently 
present but 
asymmetric 

Consistently 
present and uni- 
form 

Marked reduction ^ 
to obliteration' 
of lumen 

Hyalin 

Occasionally 
present and 
asymmetric 

Consistently 
present but 
asymmetric 

Consistently 
present and uni- 
form 

Marked reduction 
to obliteration 
of lumen 

Medial 
thickening ; 

Occasional 

asymmetric 

thickening 

Consistent asym- 
metric thick- 
ening 

Uniform thick- 
ening 

Marked hyper- 
trophy ^ or hy- 
alinization 


hyaline material in relation to the internal elastic lamella varied con- 
siderably. Usually the hyalin was between the internal elastic layer 
and the lining endothelium. In some instances it enveloped the elastic 
lamella, while less commonly it extended for variable distances into 
the media. This material took an acidophilic stain with hematoxylin 
and eosin and with the combined Weigert elastic tissue and van Gieson 
method. With Masson’s trichrome stain the hyalin appeared pale 
green. 

The medial layers were examined for evidence of hypertrophy or an 
increase in number of smooth muscle cells, and for an increase in inter- 
cellular collagen. The lesions graded as i plus were those in which 
thickening was asymmetric and present in an occasional vessel, while 
the lesions regarded as 4 plus were those in which there was marked 
and consistent concentric hypertrophy or hyalinization of the arteries. 

The capillaries and veins were examined to determine the presence 
or absence of thickening or scarring. 
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Table II 
Control Group 


Pulmonary vascular lesions 
Microscopic 


Decade Case i mm. 250-500 I 100-2501* ( as-ioojLt 




tt 
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Table II (cont’d.) 


Pulmonary vascular lesions 
Microscopic 


Decade 

Case 

I mm. 

250-500/1 

IOO-2SO/A 

25-100 /A 




Ht 


I 

H 

3^1 

1 

H 

M 

I 

H 

M 

6th 

SI 

++ 



+ 

+ 


+ 

+++ 



4- 



52 

, 



+ 



+ 







S3 

. 

, 


+ 



+ 

+ 


-i- 

+4. 



54 

— 

— 

— 

, 




+ 

« 


4.4. 



55 





+ 


•H-+ 

++ 


4-4* 

-H-4- 



56 

— 

— 

— 

++ 



-H* 

++ 


4- 

4-4- 



57 




•H* 

+ 



++ 


4- 

4-4- 



58 

+ 




+ 


•f-f 

•H- 



4- 



59 




+ 




++ 



4-4-4- 



60 

+ 

• 

• 


• 





-f 

4- 


7th 

61 

— 


— 

+++ + 





4- 

4-4-4- 



62 






» 

+ 

+ 



4- 



63 

. 



+ 




+ 



4- 



64 

. 






•M* 

++ 



4- 



65 

+ 




4- 



•H-+ 



4- 



66 

+ 




+ 


+-H- 

++ 


4-4- 

4-4-4- 



67 

+ 



++ 

+ 


-hH- 

++ 


+4. 

4-4-4- 



68 




+ 

+ 


++ 

+4*4“ 



4-4- 



69 




-H- 

+ . 



4-4- 



4-4- 



70 

-f 



+ 

• 


-H- 

4- 


4-4- 

4-4-4- 



* Intimal proliferation, 
t Hyalin. 

-j Medial thickening. 


Vascular Changes in Normal Lungs 

Vascular changes in the lungs of the control groups were graded 
according to the criteria used for the groups in which there was con- 
genital heart disease. 

A study of Table II, in which the pulmonary vascular lesions in the 
control group are summarized, indicates that in the first decade of life 
only one case had a recognizable lesion. In the second decade only 
scattered minimal lesions were found. In the third decade one case 
had no lesions, 7 had minimal lesions, and 3 plus lesions were found 
in the precapillary vessels in 2 cases. It was not until the fourth decade 
of life that consistent vascular changes were encountered, and these 
changes, for the most part, were mild. Lesions from this period on 
were more pronounced, and by the seventh decade 2 plus and 3 plus 
lesions were encountered consistently in arteries measuring from 25 to 
500 fx in diameter. 

No changes were found in the capillaries or veins in any of the cases 
in the control group. No thickening of the capillary basement mem- 
brane or change in the alveolar lining cells was observed. Such changes 
were described by Parker and Weiss ^ in patients having severe mitral 
stenosis. 
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The incidence of arteriosclerosis of the pulmonary arteries is re- 
markably high. In. this series some degree of change was found in 
every case in which the subject was over the age of 40 years and in 9 
of 10 cases from the third decade of life. It should be noted again that 
these cases were carefully selected so as to conform as closely as pos- 
sible to the normal. It is obvious that any lesions found in the lungs in 
cases of congenital heart disease must be judged in the light of changes 
associated merely with ageing. 

These findings are in accord with a survey by Brenner ^ who re- 
viewed 100 consecutive autopsies and found macroscopic evidence of 
pulmonary vascular sclerosis in 70 per cent. On microscopic study 
this incidence increased to 97 per cent. In but 3 cases, all under 10 
years of age, were no sclerotic changes found in the pulmonary vascu- 
lar bed. 

Patent Ductus Arteriosus 

Twenty-five cases of patent ductus arteriosus, considered suitable 
for this study, were selected from the autopsy material available. Only 
those cases were used in which the internal diameter of the ductus was 
greater than 3 mm. The size of the defects ranged from 3 to 15 mm. 
and 7 measured 10 mm. or more in diameter. Twenty-three of these 
cases were not complicated by any significant cardiac or vascular 
anomalies. One case was associated with moderate coarctation of the 
aorta, and there was marked hypoplasia of the aorta distal to the 
ductus in the other case. The ages of the patients varied from 2 months 
to 65 years, with 13 over 20 years of age. There were 9 females and 
16 males. The classical clinical picture with a typical “machinery” 
murmur was present in 17 patients. These cases are summarized in 
Table in. 

Examination of Table III shows that with but one exception the 
changes in the pulmonary vascular system were no greater than the 
changes found in the control group in comparable ages. It should be 
emphasized that no medial changes were found in any of the vessels 
examined. There were severe intimal proliferative and hyaline changes 
in one case (BCH no. A-43-64), that of a 37-year-old male who had a 
ductus with an internal diameter of 12 mm. Four plus intimal prolif- 
erative and 3 plus hyaline changes were encountered in vessels meas- 
uring from 25 to 100 fi, while in vessels of other sizes the changes were 
no greater than those foimd in the control group. This case has been 
reported in detail by Chapman and Robbins.® A similar case has been ' 
reviewed by Keys and Shapiro.'^ Their patient was a 48-year-old 
woman who had a ductus measuring 15 mm. in diameter. The heart 
weighed 700 gm. and there was marked right ventricular hypertrophy. 



THE LUNGS IN CONGENITAL HEART DISEASE 735 

The large branches of the pulmonary artery were dilated and micro- 
scopically there was marked intimal atherosclerosis of the large and 
small branches of the pulmonary artery. Other reports of pulmonary 
atherosclerosis in patients with a patent ductus either have described 
changes limited to the immediate vicinity of the ductus, have included 
significant associated cardiac defects, or were difficult to evaluate be- 
cause of inadequate pathologic study. Isolated reports have noted 
macroscopic changes but failed to give detailed microscopic descrip- 
tions of the nature, distribution, and severity of the pulmonary vascu- 
lar lesions. 

The rarity of reports of cases of patent ductus with pulmonary . 
atherosclerosis and the fact that only one of 2 5 cases in this series had 
excessive pulmonary atherosclerosis indicate that such findings are 
unusual. It should be noted, however, that in both of the reported 
cases there appeared to be a significant pulmonary vascular block with 
subsequent right heart failure. 

In contrast to the above was case PBBH no. A-44-102, a woman of 
27 years with a ductus having an internal diameter of 15 mm. together 
with a severe diffuse h3qDoplasia of the aorta beyond the ductus. Evi- 
dence that this h5q)pplasia produced a considerable resistance in the 
systemic circuit is offered by the fact that immediately after the ductus 
was divided the left heart dilated and the patient expired on the table. 
This combination of lesions would necessarily result in a tremendous 
volume flow through the pulmonary circuit. The lungs showed no 
vascular lesions. 

It has been postulated frequently that there is a significant elevation 
of pulmonary arterial pressure in cases of patent ductus. Dexter and 
his group ^ have measured the pulmonary arterial pressure by means 
of the venous catheter in 12 patients having patent ductus arteriosus. 
In g cases it was not significantly elevated in the absence of congestive 
failure. In 3 patients the pressure was elevated despite the absence 
of clinical manifestations of cardiac failure. However, each had de- 
creased exercise tolerance. The volume flow through the pulmonary 
artery in these patients was 16.9, 14-2 j and 8.8 liters per minute, 
respectively. Cournand ® has recently reported the case of a 3-year-oId 
girl with a patent ductus, who had a pulmonary flow of 5 liters per 
minute, and a systemic flow of 2 liters per minute. Her pulmonary 
arterial pressure was 55/39 which Cournand considered 

three times normal for the age. In 9 of the 12 cases studied by Dexter 
the internal diameter of the ductus was greater than 7 mm. One pa- 
tient, a man of 38 years, had a ductus with a diameter of 13 mm. and 
a volume flow of 9 liters per minute, yet the pulmonary arterial pres- 
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Table III 


Patent Ductus Arteriosus 
















Thickness of 






Internal 


ventricle 

Significant 

Gross 




diameter 

Heart 



associated 








Autopsy 

Age 

Sex 

of ductus 

weight 



cardiac defects 



years 


mm. 

gm. 

mm. 

mm. 



CH 









A- 35-4 

2/12 

M 

3 

22 

4 

6 

None 

Normal 

CH 

j, A-36-11 

3/12 

F 

3 

20 

2 

6 

None 

Normal 

CH 








Agenesis of right pul- 

A-39-31 

4/12 

F 

15 

Not 

6 

10 

None 





given 




monary vessds 

CH 









A-31-74 

9/12 

M 

Patent 

29 

3 

8 

None 

Normal 

CH 









A-39-117 

10/12 

M 

S 

47 

3 

9 

None 

Normal 

CH 

2 








A-46-131 

ixll 2 

M 

5 

88 

3 

10 

None 

Normal 

CH 

7 








A-35-104 

2/12 

M 

3 

180 

4 

13 

None 

Normal 

CH 

7 








A-30-132 

7/12 

M 

3 

129 

2 

9 

None 

Normal 

CH 

10 






i 

Plaques only in 

A-43-187 

10/12 

M 

10 

Normal 

4 

16 

Mycotic aneurysm of 






pulmonary conus' 
proximal to ductus 

vicinity of ductus 



PBBH ' 








Normal 

A-43-98 

13 

M 

12 

‘‘Slight 

10 

24 

None 



cardiac 









enlarge- 

ment’ 





PBBH 

A-42-142 

14 

F 

4 

400 

7 

20 

S,b.e.§ of ductus, aor- 
tic and mitral valves 

Normal 

PBBH 

A-39-187 

IS 

F 

10 

Not 

8 

18 

S.b.e. of ductus 

Normal 




given ! 





PBBH 

A-44-127 

20 

M 

5 

730 

4 

1 

19 

S.b.e. of mitral and 
aortic valves 

TIaques opposite 
opening of ductus 

PBBH 

A- 4 S -74 

21 

F 

Patent 

520 

6 

19 

s.b.e. of ductus 

Pulmonary artery 
markedly dilated 

MGH 

9237 

21 

M 

5 

550 

1 

5 

1 

IS 

S.b.e. of pulmonary 
artery, pulmonary 

Normal 








and mitral valves, 
and ductus 


MGH 

8789 

21 

B 

3 

380 

3'"5 

14 

Slight coarctation and 
s.b.e. of aortic and 

Normal 



■ 





mitral valves 
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Microscopic 


2SO“S00/t 


25^100^ 




Signs and 
symptoms referable 
to ductus 


Cause of 
death 


mvu Eg 


Not Terminal 

taken cyanosis 

Not Murmur 

taken 


Bronchopneumonia 


Dehydration and infec- 
tion 


Not Cyanosis on Pneumonia 
taken eSort 


Not None 

taken 

Not Murmur 

taken 

98/ 70 None 


Not None 

taken 

Not None 

taken 

95/55 Murmur 


118/70 j Murmur 


110/56 Murmur 

142-162 Murmur 
40-0 

105/40 I Murmur 


Hydrocephalus (post- 
operative) 

Meningitis and pneu- 
monia 

I Lead poisoning and 
medullary compression 

Bulbar poliomyelitis 


Meningitis 

Cardiac tamponade and 
rupture of mycotic 
aneurysm 


Hemopericardium of 
1200 cc. following 
division of ductus 


Died during operation 


Died following operation 



Hemorrhage due to silver 
dip in left pulmonary 
artery with erosion 

S.b.e, and congestive 
heart failure 


S.b.e. and congestive 
heart failure; pulmon- 
ary embolus 
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Table III (cont^d.) 






i 

1 








Internal 
diameter 
j of ductus 

! 

i * 

Heart 

weight 

Thickness of 
ventricle 

Significant 
associated 
cardiac defects 

Gross ' 

Autopsy 

Age 

Sex 

Right 

Left 


PBBH 

years 

M 

1 

1 mm* 

gm* 

mm. 

mm. 



A-41-127 

MGH 

25 

4 

400 

7 

15 

Healed s.b.e. of ductus 

Normal 

10,884 

26 

i F 

1 

10 

400 

4 

16 

None 

Plaque opposite 
ductus 

PBBH 









A-44-102 

BCH 

27 

F 

IS 

S6o 

s 

18 

Diffuse hypoplasia of 
aorta dist^ to ductus 

Normal 

A-99-85 

30 

M 

4 

510 : 

1 

S-8 

18 

None 

Calcification and 
thrombus in region 
of ductus 

PBBH 









A-43-102 

31 

M 

! 

Aorta, 5; 
pulmon- 
ary ar- 
teiy, 4 

^‘Moder- 
ate hy- 
pertro- 
phy" 

7 

1 

23 1 

S.b.e. of mitral valve 
and left auricle 

Normal 

BCH 


1 






. A-43-64' 

37 

M 

12 

680 

18-22 

i 

14 

Healed pulmonic en- 
docarditis 

Marked atheroscler- 
osis of large bran- 
ches; pulmonary ar- 
tery, 12 cih. in 
circumference 

BCH 





1 

! 




A-41-S80 

44 

M 

Patent 

! 

380 

5 

18 

None 

Endarteritis in vi- 
cinity of ductus 

PBBH 









A-32-136 

47 

M 

Aorta, 15; 
pulmon- 
ary ar- 
tery, 5 

480 

4-6 

is-18 

S.b.e. of mitral valve 
and left auricle 

Normal 

PBBH 









A-36-173 

6s 

■ 

3 

440 

6 

i 

17 

Calcified annulus fi- 
brosus of mitral and 
aortic valves^ 

Atherosclerosis of 
large branches 


♦ Intimal proliferation. t Medial thickening, 

t Hyalin. § Subacute bacterial endocarditis. 


sure was normal. It would appear that there is no constant relation 
between either the diameter of the ductus or the calculated volume 
flow and the degree of pulmonary hypertension. 

It has been suggested that there is a direct correlation between the 
size of the ductus, the circumference of the pulmonary artery, and the 
thickness of the right ventricle. These have been considered to be 
indices of pulmonary hypertension. In our series there was no corre- 
lation between the diameter of the ductus and right ventricular hyper- 
trophy. The right ventricle was of normal thickness in 5 of 8 cases 
in which the internal diameter of the ductus was 10 mm. or more. 
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Pulmonary vascular lesions 




Microscopic 




I tnm. 

250-500^ 

ioo-’25o;i 

2S-100fl 

Blood 

Signs and 
symptoms referable 
to ductus 

j Cause of 

p Hf m 

I H 1^1 

I H M 

I H M 

pressure 

death 





innt, Hg 



+ . / 

+ 


. 

108/68 

Murmur 

Accidental 

* 

• . • 


' ^ • 

ios/80 

Murmur 

Died during operation 

. 

• 

i 

1 • « • ' 

j 

136/50 

Murmur; 
dyspnea, 6 yrs. 

Died during operation 

• 

1 

' . . , 

. 


1 

None recorded 

S.b.e. 

. 


+ -H- , 1 

+ -H- 

144/72 

Murmur 

S.b.e. 

1 


1 1 .f 1. j 


1 135/85 

i 

1 

Murmur 

Acute congestive heart 
failure 

1 

1 


! 

T'rT“t *1 ' 

? 



! 


+ 

126/80 

None 

Portal cirrhosis 

+ 

♦ 

+ . . 1 

1 

++ + 

-H* + 

120/80 

Murmur; 
dyspnea, 6 mos. 

Bacterial endocarditis 

• 

i 

+ 

1' — 

1 

•H- *H- 

1 

170/70 

Murmur 

Unknown; autopsy 
limited to heart 
and lungs 


Conversely, the right ventricle was hypertrophied in ii cases, yet 6 

“^■n.Tleftt^rtSwL^X^d to IS of our as cases. The diameter 

oftte ductus was lo mm. or more in 7 and less than 10 nun. m 8 

cL* The heart was increased to weight to 16 of the 33 cases in 

wS the weights were given, and yet to only 5 of these were the 
wmcn me s consistent corre- 

S^on ~Te stoe ome ductus and the degree of left ventricular 
X^Ktt^ — a" increase to blood flow 
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through the pulmonary circuit. Eppinger, Burwell, and Gross have 
measured the increased blood flow occurring in these cases and have 
found that 45 to 75 per cent of the blood entering the aorta from the 
left ventricle passes into the pulmonary artery. Subsequent studies 
have shown that the normal pulmonary blood flow may be increased 
up to 300 per cent.'’ The lungs apparently are able to handle this in- 
creased volume flow in most cases without any significant elevation of 
pulmonary arterial pressure until failure of the left ventricle occurs. 
The reasons for this are manifold. The most important factor prob- 
ably is the increase in cross sectional area in progressing from the 
pulmonary artery to the pulmonary capillary bed. This is an approxi- 
mate increase of from 6 to 38,000 square cm.® In addition, the capillary 
blood volume can be increased by simple distention of the capillaries.® 
This occurs at the expense of vital capacity,^® yet there is no loss of 
capillary function in the absence of parenchymatous disease of the 
lung. While this ability to distend is very valuable in the capillary 
area, it is equally valuable in the larger branches of the pulmonary 
arterial tree. Morphologic evidence of this is offered by the loose 
arrangement of the adventitial coat of these vessels. Experimental 
proof is afforded by the pressure-volume diagrams of Hochrein and 
by studies of pulse wave velocity in the pulmonary artery in compari- 
son to the aorta.^® 

Much has been written concerning structural variations and func- 
tional differences in the arterioles of the pulmonary and the systemic 
circulations. Some writers deny the existence of such vessels in the 
lungs, others claim that there is a simple decrease in the number of 
smooth muscle cells in the medial layer, while still others describe 
variations in diameter of a pulmonary arteriole up to four times that 
found in the systemic group. In this survey there appeared to be an 
orderly change in caliber in the branches of the pulmonary arteries and 
appropriate changes in the cellular structure of the layers in descend- 
ing to the precapillary level. 

However, in approaching this question from the physiologic point 
of view, Hanulton has shown a difference of pharmacologic response 
in the arterioles of the two circulations and that the usual vasomotor 
response of the arteriole is lacking in the pulmonary system. There is 
at least one protective reflex mechanism present in the pulmonary 
vascular bed. The exact receptor area has not been accurately defined, 
but any increase in intravascular tension results in a significant hypo- 
tension of the systemic circulation with an associated bradycardia.^^ 
This mechanism is demonstrated in experimental pulmonary embolism 
when precapillary vessels are occluded by Lycopodium spores,^® Here 
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the pulmonary arterial pressure rises, the femoral arterial pressure 
falls, and there is a decrease in cardiac output. With this one excep- 
tion tlie pulmonary blood flow plays the active role and the pulmonary 
vascular bed a decidedly passive one. 

All of the factors mentioned above combine to enable the limgs to 
care for the increased volume flow when the ductus is patent as long 
as venous return is unimpeded. In the majority of these cases there 
is no significant peripheral resistance in the pulmonary vascular bed, 
and pulmonary h5^ertension does not develop. Parker and Weiss ^ 
have postulated three factors that must be present for the production 
of an abnormal degree of pulmonary arterial and arteriolar sclerosis: 
High intravascular pressure, stagnation of blood flow, and pericapillary 
edema. None of these factors is present with a patent ductus until 
congestive failure supervenes. It is possible that a fourth factor, in- 
crease in volume flow, may initiate arteriosclerotic changes in the 
pulmonary vessels. This would account for the changes in case BCH 
no. A-43-64 and in the case reported by Keys and Shapiro.^ Each of 
these patients had a large ductus (12 and 15 mm., respectively), and 
each, presumably, had a large increase in volume flow. In addition, 
they were in the latter part of the fourth decade of life. As will be 
discussed, later, it is in this age group that the patients with large 
septal defects, in whom there was a marked increase in volume flow, 
began to show pulmonary vascular lesions in excess of the control 
group. Unfortunately, in neither of the above cases was there an op- 
portunity to record the pulmonary arterial pressure or the volume 
flow. Conversely, in the 4 patients having an elevated pulmonary 
arterial pressure there was no opportunity to examine the pulmonary 
vasculature. Individual variations in the vulnerability of the pulmo- 
nary vessels to atherosclerotic change may also be a factor in these 
rare cases of marked pulmonary atherosclerosis. It is conceivable 
that sufficiently severe pulmonary vascular lesions can produce an 
increase in peripheral resistance in the pulmonary circuit. 

Until complete studies can be made, including accurate measure- 
ments of pulmonary arterial pressure and volume flow, followed by 
an opportunity to examine the pulmonary vascular tree, the causal 
relationship of pulmonary atherosclerosis to pulmonary hypertension 
in patent ductus arteriosus cannot be answered. 

? Interauricular Septal Deject 

Twenty-five cases were found in which there were significant un- 
guarded interauricular septal defects. Only those cases were chosen in 
which the defect was greater than 0.8 cm. in diameter. In 17 cases the 
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Tasz-e IV 

Interauricular Septal Dejects 
















Thickness of 






Measure- 


ventricle 

Significant 

Gross 




ment of 

Heart 



associated 








Autopsy 

Age 

Sex 

defect 

weight 



cardiac defects 



years 


cm. 

gm. 

mm. 

mm. 



CH 








A-47-23 

5/12 

M 

1.7 X 2.5 

66 

8 

7 

None 

Dilated 2.5 cm. in 
diameter 

CH 









A-3S-138 

9/12 

M 

2.5 

8S 

5 

9 

None 

Normal 

CH 









A-42-S6 

I 

M 

1-5 

75 

4 

8 

None 

Normal 

CH 

7 








A-30-99 

1/12 

F 

2.5 X 2.5 

59 

6 

7 

None 

Normal 

CH 

9 








A-43-89 

9/12 

F 

2.5 

140 

5 

IS 

R.h.d.§; moderate mi- 
tral stenosis and in- 
suflSciency 

Normal 




MGH 









II,I2X 

' 14 

F 

i.oxa.o 

380 

5-7 

X7 

R.li.d.; mitral and tri- 
cuspid stenosis 

Normal 

PBBH 








A-46--I 

16 

F 

i.o 

460 

6 

*20 

Hypertensive heart 
disease 

Normal 

BIH 









A-38-47 

17 

F 

0.9 

220 

2 

8 

None 

Normal 

PBBH 









A-24'-2 

29 

M 

0.8 

1000 

8 

20 

Cbnstrictive peri- 
carditis 

Normal 

BCH 







S.b.e. 1 1 of tricuspid, 


1923-155 

34 

F 

3-S 

470 

7 

II 

Normal 





pulmonic, mitral and 
aortic valves 





BCH 

1933-241 

34 

F 

4.0 

550 

i 

13 

IS 

R.h.d.; tricuspid and 
mitral stenosis; co- 
arctation of aorta 

Dilated 5 cm.; 
atherosclerosis 





BCH 

A-44-391 

36 

M 

3-0 

760 

15 

X3 

S.b.e. of mitral valve 

Dilated 

BIH 

A-33-94 

47 

■ 


420 

10 

IS 

Alitral thickening 

Atherosclerosis 

BHI 

A-36-89 

51 

M 

2.0 

640 

8 

14 

R.h.d. and mitral 

Atherosclerosis of 





stenosis 

large vessels 

PBBH 








! Normal 

A-33-119 

S3 

M 

0.8 

340 

4 

20 

None 













































TliE LUNGS IN CONGENITAL HEART DISEASE 


743 


Pulmonary vascular lesions 




Microscopic 




X 

mm. 

aSo-Soo/t 

IOO- 250 jti 

3 S-I 00 ;X 

Blood 

pressure 

Signsandsymptoms 
referable to 
cardiac lesion 

Cause of 
death, 

!♦ 

Ht Mt 

I H M 

I 

H M 

I 









mm. Tig 1 



* 

• 

. 

• 

• 

• 

• 

Not 

given 

Effort cyanosis; 
murmur 

1 

Pneumonia 

• 

• 

. 

• 

• 

; • 

• 

Not 

given 

Cyanosis for 8 
mos. 

Congestive heart failure 

• 

• 

. 

• 

• 

1 • 

• 

Not 

given 

Intermittent 

cyanosis 

Pneumonia 

• 

• 

. 

• 

• 

i • 


Not 

given 

None 

Septicemia 

• 

* 



4 * 


+ 

92/60 

1 

1 

1 

1 

Murmurs of 
mitral disease 

Congestive heart failure 


• 

. 

+ 

[ 

+ 

• 

-f-H- 

100/70 

Transient apical 
systolic murmur' 

Congestive heart failure 

• 

• 


1 • 

+ 

• 

+ 

185/140 

1 

Grade I systolic 
and diastolic 
murmurs 

Glomerulonephritis ; 
uremia 

• 

* 

• 

. 

. . ' 

. « 

+ 

1 

125/75 

None 

Tuberculous meningitis 

• 

• 

+ 

•H* 

+ . ! 

1 

•H* 

•H- 

120/55 

Systolic and dia- 
stolic murmurs 

Congestive heart failure 

+ 

• 

+ 

i 

t 

++ 

+++ 

+ 

+-h-f’ 

— 

Presystolic and 
apical systolic 
murmurs; dysp- 
nea for 6 mos. 

Congestive heart failure 
and pneumonia 

+ 

• 


+ 

1 

+ 

1 


++ 


Presystolic and 
apical systolic 
murmurs; r.h.d. 
for 24 years 

Congestive heart failure 
and bronchopneumonia 

+ 

• 


++ 

-f-H- 


-H- 

85/65 

Intermittent 
cyanosis; club- 
bing; murmur 

Congestive heart failure 
and infection 

4* 

• 

-H- 

-H- 

++ 

+ 

*H-+ . 

170/116 

1 

Dyspnea; cya- 
! nosis; and asci- 
tes 

Congestive heart failure 
and pneumonia 

•f 

• 

+ 

+ 

+ 


•H*+ 

120/70 

1 

Dyspnea and cy- 
anosisfor6days 

Congestive heart failure 


‘ 

. 

+ 


-H- 


110/70 

i None 

Perforated gastric^^ulcer 
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Table IV (cont’d.) 




■ 









■ 



Thickness of 






Measure- 


ventricle 

Significant 

Gross 




ment of 

Heart 



associated 








Autopsy 

Age 

BB 

defect 

weight 

Right 

Left 

cardiac defects 



years 


cm. 

zm. 

mm. 

mm. 



MGH 









6580 

S6 

M 

■24x1.5 

67s 

8 

II 

R.h.d.; aortic and mi- 

Dilated; atherdscle- 






tral stenosis 

rosis of smaller bran- 
ches 



PBBH 









A- 47-<54 

57 

M 

2-5 

600 

8 

18 

None 

Dilated (ii cm. in 
circumference) ; 
atherosclerosis of 
large branches 


PBBH 








;A~3 1^112 

1 

S8 

M 

2.0 

700 

4 

16 

Hypertensive heart 
disease 

Normal 

MGH 









9784 

59 

F 

3*0 

475 

9-11 

11-13 

R.h.d., and s.b.e. of 
mitral valve 

Normal 

BCH 









A-40-803 

60 

F 

3-ox 1.5 
3-ox 1.5 

495 

10 

15 

None 

Normal 

1 

PBBH 







1 

'A-36-S9 

60 

M 

0-7 X 0.7 
0.7 X 0.4 

280 

4 

12 

None 

Normal 

MGH 





■i 




6776 

63 

M 

0.8 

480 

B 

18 

None 

Normal 

f- f 

MGH 


1 







8298 

MGH 

63 , 

M 


300 

B 

8 

None 

1 

Normal 

11,560 

70 

M 

B 

450 

B 

15 

None 

Normal 

MGH 



BB 






6800 

76 

M 


550 

B 

21 

None 

Normal 


* Intimal proliferation. J Medial thickening. |1 Subacute bacterial endocarditis, 

t Hyalin. § Rheumatic heart disease. 


defect exceeded 2 cm. There were 13 cases without significant cardiac 
lesions, 9 cases with some degree of rheumatic involvement of the 
mitral valve, 2 cases of h3rpertensive heart disease, and one case with 
constrictive pericarditis. 

In the 13 uncomplicated cases there was a direct relation between 
the size of the defect, cardiac enlargement, and right ventricular h5^er- 
trophy. The heart was increased in weight in 6, and 5 of these had 
defects greater than 2 cm. Of the 7 hearts of normal weight, 6 had 
defects of i cm. or less. In this same group of uncomplicated cases the 
right ventricle was hypertrophied in the 4 cases having the larger de- 
fects. In only 2 of the 13 cases was the pulmonary artery dilated. 

In the 13 uncomplicated cases, the pulmonary vascular lesions were 
not greater than those in the control group of comparable ages. Three 
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Pulmonary vascular lesions 




Microscopic 




I 

mm. 

250-500/4 

100-250/4 

2 

S-ioo/t 

Blood 

pressure 

Signsandsymptoms 
refcraljlc to 


I* 

Ht Mt 

I H U 

I 

H M 

I 

H M 

cardiac lesion 

Cause of 
death 








mm. Hs 



•H* 

• ^ 




•H- 


130/70 

Dyspnea and 
ascites 

Congestive heart failure 

+ 

• 


++ 

'H- ^ , 


-HH- 

132/80 

Basal systolic 
murmur i 

Carcinoma of bladder; 
congestive heart failure 


• 


i + 


1 

j+++ 

1 

++ 

240/1 10 

Hypertension 

1 

Congestive heart failure 
and nephrosclerosis 



4 - 





110/80 

i 

Dyspnea for 4 
years 

Infection; pneumonia; 
congestive heart failure 




1 

! 

' Mi T 

— 

— -- 

1 + 

1 * 

i 

++ 

+++ 

++ 

+-H* 

160/110 

Dyspnea for 2 
months 

Congestive^heart failure 
and pneumonia 

+ 

• 

1 + 

-H- 

i ■ - 


+ 


138/68 

Apical systolic 
murmur 

Portal cirrhosis; hemor- 
rhage 


• 

•f+ 

i 

; 

1 

-H* 

; + 

++ 

148/70 

None 

Pulmonary embolism; 
carcinoma of colon 

— 

— — 

+ 

+ 

*f+ 

+ 

-H* 

130/80 

None 

Carbuncle; septicemia 

-H- 

• 

+ 



H-H- 

+*H- 

140/80 

Precordial sys- 
tolic murmur 

Prostatism 


• 


i 

+ . 

-f 

170/80 

None 

Pulmonary embolism 


of these patients were in the first decade of life and had no vascular 
lesions, yet the septal defects were all greater than 2 .5 cm. and all had 
cardiac enlargement with right ventricular hypertrophy. These 3 
cases are interesting in regard to the time interval required for the pro- 
duction of pulmonary vascular lesions. Cases with marked pulmonary 
atherosclerosis have been reported by Watjen and zur Linden, one 
in a 6-months-old child and the other in an ii -months-old child. 
However, both of these had complicating cardiac anomalies. Watjen’s 
case had an associated interventricular septal defect and transposition 
of the great vessels, while zur Linden’s case had a patent ductus. 

One case in this uncomplicated group is of special interest in that 
accurate measurements of pulmonary arterial pressure and volume flow 
were made. This was the first opportunity to correlate these measure- 
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ments with changes in the pulmonary vasculature in a patient having 
no additional complicating pulmonary or cardiovascular disease. Case 
PBBH no. A-47-64 was that of a 57-year-old man. There was an inter- 
auricular septal defect measuring 2.5 cm. in diameter. The heart 
weighed 600 gm.; the left ventricle measured 1.8 cm. in thickness, and 
the right ventricle, 0.8 cm. There was marked dilatation of the right 
auricle and ventricle. The pressure in the pulmonary artery as meas- 
ured by means of the venous catheter showed only minimal systolic 
elevation (35/10 mm. Hg) and the volume flow through the pulmonary 
artery was 14 liters per minute. The pulmonary artery was dilated to 
II cm. in circumference and there was atherosclerosis of the larger 
branches. Microscopic examination showed that the pulmonary vascu- 
lar lesions did not exceed, those found in comparable ages in the control 
group. This patient did not have cyanosis or clubbing. He developed 
mild congestive failure i year before death but this was easily con- 
trolled with digitalis. His death was due to carcinoma of the urinary 
bladder. The remarkable feature in this case was the lack of significant 
pulmonary vascular lesions even in the presence of a marked increase 
in the pulmonary blood flow. 

In the group of cases complicated by other cardiac lesions, the 9 
cases of interauricular septal defect in which there was rheumatic 
involvement of the mitral valve were of special interest. The aortic 
valve was stenotic in one case and thickened in another. Ages ranged 
from 9^ to 59 years, and each decade was represented except the 
third and seventh. Every defect was greater than 2 cm., and all of the 
hearts were significantly enlarged. The right ventricle was hyper- 
trophied in aU but one case and preponderantly so in all patients be- 
yond the third decade. Four of these cases had right ventricles 
measuring more than 10 mm. in thickness, with normal left ventricu- 
lar measurements. All patients died in terminal congestive failure. Five 
of the 9 patients in this group had marked dilatation and/or gross 
atherosclerosis of the pulmonary artery. 

Pulmonary vascular lesions were found in excess of the control 
group and at an earlier age in 8 of the 9 cases, with 2 plus and 3 plus 
lesions being consistently encoimtered. The vessels measuring from 
25 to 250 p, were most severely involved. No medial lesions were 
found. Thickening of the capillary basement membranes, described 
by Parker and Weiss ^ as occurring in mitral stenosis, was not found. 
VonGlahn and Pappenheimer have described a specific type of 
arteritis which occurred in the lungs and elsewhere in 10 of 47 cases of 
rheumatic fever. In the earlier stages there was a subendothelial dep- 
osition of fibrin with cellular destruction, while in the later stages 
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the intima was thickened and vascularized. These lesions were not 
found in the present group. In short, the pulmonary vascular lesions 
were those of atherosclerosis and amounted to premature ageing of 
the vessels. 

The most t5rpical case in this group was BCH no. A-44-391, a 36- 
year-old man with an interauricular septal defect of 3 cm. and rheu- 
matic involvement of the mitral valve. The heart weighed 760 gm.; 
the right ventricle measured 15 mm., the left ventricle, 13 mm. The 
pulmonary artery was dilated and pulmonary vascular lesions were 
pronounced. The patient had intermittent cyanosis and clubbing. This 
case is similar to Lutembacher’s original case, that of a 61 -year-old 
woman with an interauricular septal defect of 4 cm. and mitral stenosis, 
who had marked dilatation and atherosclerosis of the pulmonary ar- 
teries. 

It would seem that in patients with interauricular septal defects 
and superimposed rheumatic mitral valvular disease a mechanical 
factor is introduced which greatly alters the existing dynamics of 
blood flow within the heart. Because of the stenosis of the mitral 
valve, there is an obligatory shunting of blood from the left to the 
right auricle. This throws a greater burden on the right side of the 
heart with consequent h3q)ertrophy and dilatation of the right auricle. 
This in turn results in widening and stretching of the original congeni- 
tal septal defect. There is an even greater pulmonary blood flow than 
is found in cases of patent ductus arteriosus, and it is followed by the 
development of widespread pulmonary vascular sclerosis. Because 
the vascular lesions vary in severity and distribution from case to case, 
there is a corresponding variation in the resistance of the pulmonary 
vascular bed. In an occasional case in which the vascular lesions are 
severe, there is a true pulmonary vascular block and cor pulmonale 
will develop. This would account for the case cited above in which 
there were found a 15 mm. right ventricle, cyanosis, clubbing, and 
right heart failure. Yet in most cases, because of the extensive pulmo- 
nary vascular reserve, the vascular sclerosis is of no clinical signifi- 
cance. 

In contrast to the above group with interauricular septal defects 
and mitral disease, one of the 2 cases complicated by hypertensive 
heart disease deserves special comment. This was PBBH no. A-46-1, 
a 1 6-year-old girl with an interauricular septal defect of i cm. and a sys- 
temic blood pressure of 185/ 140 mm. Hg. The heart weighed 460 gm.; 
the right ventricle measured 6 mm., the left, 20 mm. The pulmonary 
artery was grossly normal and there were no significant microscopic 
vascular changes. The pulmonary arterial pressure was determined by 
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Table V 

Interventricular Septal Defects 
















Thickness of 






Measure- 


ventricle 

Significant 

Gross 




ment of 

Heart 



associated 








Autopsy 

Age 

Sex 

defect 

weight 

Right 

Left 

cardiac defects 



years 


cnt. 

gm. 

mm. 

mm. 



BCH 








1940-860 

6 mo. 

M 

0.4 

4 -S 

— 

— 

None 

Normal 

fetus 







CH 









A-4S-129 

8/12 

M 

0.4 

38 

3 

9 

None 

Normal 

CH 

I 








A-34-182 

7/12 

M 

0.8 

97 

7 

• 10 

None 

Normal 

CH 

3 








A-38-136 

4/12 

F 

0.5 

120 

6 

12 

Acute bacterial 
endocarditis 

Normal 

PBBH 









A-44-42 

5 

M 

0.5 

200 

4 

12 

Acute bacterial 
endocarditis 

Normal 

MGH 









6531 

8 

F 

0.8X0.5 

135 

3 

12 

Acute bacterial en- 
docarditis of tricuspid 
valve 

j 

Normal 

CH 

8 







A-40-62 

9/12 

M 

0.4 X 0.4 

206 

4 

14 

Acute bacterial en- 

Normal 




o.8x i.o 

j 



docarditis of mitral, 
pulmonic, and tri- 
cuspid valves 

> 

BCH 









1941-325 

14 

F 

0.5 

240 

3 

10 

Acute bacterial en- 
docarditis pf tricuspid 
valve 

Normal 

BCH 








1940-860 

20 

F 

2 

500 

8-10 

11-15 

None 

Normal 

BCH 









1941-74 

34 

M 

■ 

590 

6-8 

15-18 

Acute bacterial en- 
docarditis of mitral 
and tricuspid valves 

Normal 





BCH 



SB 



H 



1934-657 

72 

1 

M 

■1 

490 

9 

B 

None 

Normal 


* Intimal proliferation, 
t Hyalin. 

j Medial thickening. 


means of the venous catheter and was within normal range. The pa- 
tient died of glomerulonephritis and uremia. 

To date, there is no evidence that significant pulmonary arterial 
hypertension develops in cases of interauricular septal defects. Dex- 
ter and his group ° found a normal pulmonary arterial pressure in 3 
of 8 patients studied by means of the venous catheter. In 4, elevated 
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Pulmonary vascular lesions 


Microscopic 


I mm. 


I* Ht Mt 


250-500/1. 


I H M 


ioo-250/t 


I H M 


2S-XOO/t 


I H M 


Blood 

pressure 


Signs and sy mptoras| 
referable to 
cardiac lesion 


Cause of 
death 


mm. Ug 


Not 

given 

Not 

given 

95/20 

105/25 

Not 

given 

120/70 


Murmur; cya- 
nosis with in- 
fection 

Murmur; cya- 
nosis with in 
fection 

Murmur 


None 


Murmur 


Murmur 


Maternal death 


Pneumonia 


Congestive heart failure 
and pneumonia 


Septicemia; Staphylococ- 
cus aureus 

Pneumonia and ulcera- 
tive endocarditis 

Pneumonia 


Septicemia; Staphylococ- 
ctis aurctis 


-f++ 


+ ++ 


+-hf ++ 


100/0 


120/70 


Systolic mur-i 
mur; dyspnea] 
for I year 

Dyspnea; inter- 
imttent cyano-| 
sis; murmur 


Septic infarction of lung 


Congestive heart failure 




138/65 


Not given 


Pneumonia 


+ -H- 


190/55 


None 


Uremia 


pressures were noted but in each instance there were clinical manifesta- 
tions of congestive heart failure. In one patient without evidence of 
failure, the' pulmonary arterial pressure was moderately elevated 
(40/14 mm. Hg) . In one of Dexter’s patients there was a volume flow 
of 20 liters per minute through the pulmonary artery.^® This was the 
greatest volume flow recorded in any patient with a left to right shunt. 
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In summary, then, the cases having isolated interauricular septal 
defects without complicating rheumatic valvular disease did not show 
pulmonary vascular changes greater than those found in the control 
groups. In contrast, those cases with coexisting interauricular septal 
defect and mitral stenosis had constant and definite atherosclerotic 
changes in the pulmonary vessels. Furthermore, these lesions were 
more severe and appeared at an earlier age than in the control group. 
From the evidence at hand at the present time, the only additional 
factor present in this second group of cases appears to be an increase 
in the left to right shunt and hence an increase in the volume flow 
through the pulmonary artery. 

Intervetitricular Septal Defect 

Eleven cases were found with significant imguarded interventricular 
septal defects. These ranged from 0.4 to 2 cm. in diameter, although 
only three were greater than i cm. in diameter. The patients ranged 
in age from a 6-months-old fetus to 72 years. Six had complicating 
bacterial endocarditis. The heart was increased in weight in 9 of the 
ir cases. The right ventricle was increased in thickness m 4, while 
the left ventricle was increased in only 2 cases. 

There was no dilatation or gross evidence of atherosclerosis of the 
pulmonary arteries in any case in this group. Ten did not have micro- 
scopic lesions greater than those found in the control group. One case 
(BCH no. A-40-860), a 20-year-old woman, had a 2 cm. interventricu- 
lar septal defect, the largest in this series. The heart weighed 500 gm., 
the right ventricle measured 10 mm. in thickness, while the left ven- 
tricle was not thickened. This patient had no complicating endocardi- 
tis or valvular disease. There were 2 plus and 3 plus intimal prolifera- 
tive and hyaline changes in the pulmonary vessels from 25 to 250 in 
diameter. No lesions were present in the larger branches. The media 
was not involved. 

As yet, pulmonary catheterization studies with measurements of 
pulmonary flow and pulmonary arterial pressures have been carried 
out in only 3 cases having uncomplicated interventricular septal de- 
fects. In 2 the pulmonary arterial pressure was normal, with pulmo- 
nary volume flows of 7.1 to 7*9 liters per minute. In the third patient 
the pulmonary arterial pressure was elevated (100/49 Hg), yet 
the volume flow through the pulmonary artery was only 8.6 liters per 
minute. There was no clinical evidence of congestive heart failure 
in this case. In one of the 2 cases having a normal pulmonary arterial 
pressure there was a calculated left to right shunt of 4.5 liters per 
minute.*” 
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Experiments in animals in which intracardiac fistulae were produced 
are of interest. Holman and Beck produced interventricular septal 
defects up to 3 mm. in dogs. The dogs responded first by an increase 
in the heart rate and later by an increase in the total mass of circu- 
lating blood with return of the heart rate to normal. Protocols of 
animals that were allowed to live as long as 6 months after operation 
included studies of the lungs. There was consistent h3rpertrophy of 
the right ventricle, yet there was no evidence of pulmonary athero- 
sclerosis in the 10 dogs studied. More recently, Eppinger and Gross 
have produced similar defects in dogs and limited the defects to 0.4 
to 0.6 cm. A left to right shunt was found which ranged from 20 to 
SO per cent of the left ventricular output. There was a correspond- 
ing increase in pulmonary blood flow. In these animals, the output 
of each ventricle was markedly increased and there was a uniform 
cardiac hjper trophy. No study of the pulmonary vasculature was 
made. 

Interventricular septal defects seldom exceed i cm. in diameter, 
in contrast to interauricular septal defects which may measure up to 
5 cm. The dynamics of pulmonary blood flow in Roger’s disease 
resemble closely those encountered in patent ductus arteriosus because 
in both conditions the shunt occurs at systemic arterial pressure. 
Similarly, the protective factors enumerated above for patent ductus 
are present in patients having interventricular septal defects. 

Combined Lesions Giving a Left to Right Shunt 

Six cases were found in which there was a combination of lesions 
giving a left to right shunt. Three cases were included in which a 
patent ductus was Eissociated with either an interauricular or an inter- 
ventricular septal defect. In one of these cases (CH no. A-40-69), a 
child, 16 months of age, the ductus had an internal diameter of 5 mm., 
the interauricular defect measured 2 cm., and there was no mitral 
valvular disease. This patient had no gross or microscopic changes 
in the pulmonary vessels. By contrast, there were pulmonary changes 
in excess of the control group in each of the other 2 cases. In one 
of these there was a small ductus with a large interventricular defect, 
while in the second there was a large ductus and a large interauricular 
defect. 

The combination of interventricular and interauricular septal de- 
fects occurred in 3 cases. In the first, that of a lo-months-old child, 
both defects were small and only i plus lesions in the smallest vessels 
were present. The second case had a small interauricular defect, an 
enormous interventricular defect, normal valves, and there were 
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Table VI 
Combined Lesions 





Measure- 
ment of 
defect 

Heart 

weight 

Thickness of 
ventricle 

Significant 
associated 
cardiac defects 

Gross 

Autopsy 

Age 

Sex 

Right 

Left 


CH 



cm. 


mm. 

mm. 

\ 


Interauricular 

A-40-27 

MGH 

10/12 

F' 

IASD,§ 
o.s;rv- 
SD ,11 i.o 

Not 

given 

6 

12 

None 

Atherosclerosis; 
pulmonary conus 

ii,Si6 

BCH 

22 

M 

lASD, 1.5; 
IVSD, 5.0 

300 

20 

22 

None 

Normal 

1934-324 

CH 

39 

I 

F 

lASD, 4.0; 
IVSD, 0.3 

540 

9 

12 

Mitral stenosis 

Dilated 4.2 cm. 

Interauricular 

A-45-42 

CH 

3/12 

I 

F 

pda,ii 

0.3; IVSD 
1.3X1.1 

Not 

given 

7 

7 

j 

None 

Normal 

A-40-69 

CH 

4/12 

F 

PDA, 0.5; 
lASD, 

2.0 X 2.0 

26 

7 

10 

None 

Normal 

A-42-71 

10 


PDA, 2.0; 
lASD, 2.0 

Not 

given 

IS 

12 

None 

Normal 


* Intimal proliferation. $ Medial thickening. |] Interventricular septal defect, 

t Hyalin. § Interauricular septal defect. Tl Patent ductus arteriosus. 


marked pulmonary vascular changes. In the third case there was a 
large interauricular septal defect with associated mitral stenosis and 
an insignificant interventricular defect. The pulmonary artery was 
dilated, and here again vascular lesions were in excess of those found 
in the control group. 

Acquired Lesions Producing a Left to Right Shunt 

There was no opportimity to study patients who had an acquired 
left to right shunt. To date, several hundred patients have had a 
systemic vessel anastomosed to the pulmonary artery to overcorhe the 
disordered pulmonary hemodynamics occurring in pulmonary stenosis 
with or without a coexisting septal defect.^^’”^ These patients com- 
prise the most important group with acquired left to right shunt. It 
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Microscopic 

m 

Signs and symptoms 
referable to 
cardiac lesion 
or ductus 


I mm. 

250-500^1 

IOO*- 2 SO/X 

25-100^ 


Cause of 
death 

!• Ht Mt 

^ - 

I H M 



septal defect with interventricular septal defect 

wm, Hz ; 



. 


. 

1 

Not 

given 

Systolic and dia- 
stolic murmur 

Congestive heart failure 
and pneumonia 

+ 

+++ + 

++ + 

+ +++ 

* 

110/96 

Clubbing; cya- 
nosis for I year 

Congestive heart failure 
and pneumonia 


» » * 

•f+ ++ 

-t- I f- t- 

T 1 n t 


Systolic and dia- 
stolic murmurs; 
dyspnea for 2 
years 

Congestive heart failure 
and pneumonia 

septal defect or interventricular septal defect 
with patent ductus arteriosus 


I 



• 

1 

•H* + 1 

1 

1 


Not 

given 

Systolic mur- 
mur;^ cyanosis 
with infection 

Pneumonia 

» • • 

i 

. 

1 

i 

. 

• 

Not 

given 

None 

t 

Pneumonia 

• • • 


•H* + 

+++ + 

■ 

Basal systolic 
and diastolic 
murmur; effort 
cyanosis 

Generalized 

peritonitis 


was with this group in mind that this study was undertaken in an at- 
tempt to predict the long-standing effects of such a procedure on the 
pulmonary vascular tree. 

While the life expectancy following successful operation undoubt- 
edly may be improved, because of the remarkable cardiac reserve of 
these young patients, the question arises as to whether such an opera- 
tion will accelerate the development of pulmonary atherosclerosis. This 
might result in gradual obliteration of the finer radicles of the pulmo- 
nary arterial tree and diminution in the volume of blood delivered to 
the pulmonary capillaries. The present series of cases would seem to 
be of value in answering this question since the altered d3mamics of 
flow produced by these operations are comparable to those found with 
patent ductus arteriosus. Judging from the cases in this series, the 
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pulmonary vascular bed is able to handle a large increase in volume 
flow for considerable periods of time without the development of 
significant vascular changes. The fact that this increased volume of 
blood is delivered at systemic pressure into the pulmonary tree is of 
little importance since the numerous protective mechanisms indicated 
above are at work to avoid the development of significant peripheral 
resistance. Consequently, the systemic pressure is rapidly dissipated 
and significant elevation of the pulmonary arterial pressure does not 
occur. There appears to be mdividual variation in the vulnerability 
of pulmonary arteries to atherosclerosis. It may be that in the rare 
case particularly vulnerable to atherosclerosis, changes of such se- 
verity may develop that there will be a true vascular block proximal to 
the capillary bed. Such an occurrence would nullify the effects of the 
anastomosis. 

Summary 

The lungs from 67 patients having congenital cardiac anomalies in 
which there was a left to right shunt were studied to determine the 
effect of the altered hemodynamics on the pulmonary vascular bed. 
The lesions were graded according to the degree of intimal prolifera- 
tive, intimal hyalin, and medial changes found. 

Control groups of 10 cases for each of the first 7 decades of life were 
examined to determine the effects of ageing alone on the pulmonary 
vessels. The incidence of pulmonary atherosclerosis was found to be 
remarkably high in this group. 

Twenty-five cases of patent ductus arteriosus with significant de- 
fects were studied. With one exception the changes in the pulmonary 
vascular system were no greater than changes in the control group in 
comparable ages. In all cases the changes present were atherosclerotic 
in type, and no medial lesions were found. 

Twenty-five cases with interauricular septal defects of 0.8 cm. or 
more were selected. In uncomplicated cases the pulmonary vascular le- 
sions were not greater than in the control group. In 9 cases complicated by 
rheumatic mitral disease, marked and constant atherosclerosis was 
found in excess of the control group. 

Eleven cases having isolated interventricular septal defects were 
studied. Most of these had defects of less than i cm., and the pul- 
monary vascular lesions were not greater than those of comparable 
ages in the control group. In one patient with a 2 cm. defect marked 
atherosclerosis of the pulmonary artery was observed. 

Six cases having a combination of lesions giving a left to right 
shunt were studied. The degree of pulmonary atherosclerotic change in 
each case was proportionate to the age and to the magnitude of the shunt. 
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The common factor in the production of pulmonary vascular lesions 
in the occasional cases in each of the above groups appeared to be a 
marked increase in the pulmonary blood flow. 

REFERENCES 

1. Parker, F., Jr., and Weiss, S, The nature and significance of the structural 

changes in tlie lungs in mitral stenosis. Am. J. Path., 1936, 12, 573-598. 

2. Brenner, 0 . Pathology of the vessels of the pulmonary circulation. Arch. 

hit. Med., 193s, 56, 211-237; 457-497; 724-752; 976-1014; 1189-1241. 

3. Chapman, C. B., and Robbins, S. L. Patent ductus arteriosus with pulmonary 

vascular sclerosis and cyanosis. Ann. hit. Med., 1944, 21, 312-323, 

4. Keys, A., and Shapiro, M. J. Patency of the ductus arteriosus in adults. Am. 

Heart J., 1943, 25, 158-186. 

5. Dexter, L. J. Personal communication. 

6. Coumand, A. Recent observations on the dynamics of the pulmonary circu- 

lation. Bull. New York Acad. Med., 1947, 23, 27-50. 

7. Eppinger, E. C., Burwell, C. S,, and Gross, R. E. The effects of the patent 

ductus arteriosus on the circulation. J. Clin. Investigation, 1941, 20, 127- 

143. 

8. Roughton, F. J. W. The average time spent by the blood in the human lung 

capillary and its relation to the rates of CO uptake and elimination in man. 
Am. J. Physiol., 1945, 143, 621-633. 

9. Drinker, C. K., Churchill, E. D., and Ferry, R. M. The volume of blood in 

the heart and lungs. Am. J. Physiol., 1926, 77, 590-624. 

10. Drinker, C. K., Peabody, F. W., and Blumgart, H. L. The effect of pulmonary 

congestion on the ventilation of the lungs. J. Exper. Med., 1922, 35, 77-95. 

11. Hochrein, M. Zur Frage des zweiten Herztones. Deutsches Arch. f. klin. Med., 

1927, 155, 104-121. 

12. Johnson, V., Hamilton, W. F., Katz, L. N., and Weinstein, W. Studies on the 

dynamics of the pulmonar>' circulation. Am. J. Physiol., 1937, 120, 624- 

634- 

13. Hamilton, W. F. Pressure relations in the pulmonary circuit. Proc. Am. A. 

Adv. Sc., 1940, 13, 324-331- 

14. Parin, V. V. Pulmonary hemodynamic reflexes. Am. Rev. Soviet Med., 1943- 

44, I, 251-263. 

15. Haynes, F. W., Kinney, T. D,, Hellems, H. K., and Dexter, L. J. Circula- 

tory changes in experimental pulmonary embolism. Federation Proc., 1947, 
6, 125-126. 

16. Watjen, J. Zur Kenntnis der Pulmonalsklerose im Sauglingsalter. Verhandl. 

d. deutsch. path. Gesellsch., 1926, 21, 259-266. 

17. Zur Linden, W. Isolierte Pulmonalsklerose im jiingsten Kindesalter. Virchows 

Arch. f. path. Anat., 1924, 252, 229-239. 

18. VonGlahn, W. C., and Pappenheimer, A. M. Specific lesions of peripheral 

blood vessels in rheumatism. Am. J. Path., 1926, 2, 235-249. 

19. Lutembacher, R. De la stenose mitrale avec communication interauriculaire. 

Arch. d. mal. du coeur, 1916, 9, 237-260. 

20. Dexter, L., Haynes, F. W., Burwell, C. S., Eppinger, E. C., Sosman, M. C., 

and Evans, J. M. Studies of congenital heart disease. Ill, Venous catheteri- 
zation as a diagnostic aid in patent ductus arteriosus, tetralogy of FaUot, 
ventricular septal defect, and auricular septal defect. J. Clin. Investigation, 
1947, 26, 561-576. 

21. Holman, E., and Beck, C. S. The physiological response of the circulatory 

system to experimental alterations. J. Exper. Med^., 1925, 42, 661-692. 



756 WELCH AND KINNEY 

22. Eppinger, E. C., and Gross, R. E. Measurement of the circulation in dogs 

with an interventricular septal defect. (Abstract). /. Clin. Investigation, 
1941, 20, 461-462. 

23. Blalock, A., and Taussig, H. B. The surgical treatment of malformations of 

the heart in which there is pulmonary stenosis or pulmonary atresia, 
J. A. M. A., 194s, 128, 189-202, 

24. Blalock, A. The surgical treatment , of congenital pulmonic stenosis. Ann. Sitrg., 

1946, 124, 879-887. 

25. Blalock, A. The use of shunt or by-pass operations in the treatment of certain 

circulatory disorders, including portal hypertension and pulmonic stenosis. 
Ann. Surg., 1947, 125, 129-141. 

26. Humphreys, G. H. The diagnosis and treatment of congenital cyanotic heart 

disease. Bull. New York Acad. Med., 1947, 23, 283-291. 

27. Potts, W. J., Smith, S., and Gibson, S. Anastomosis of the aorta to a pul- 

monary artery. J. A. M. A., 1946, 132, 627-631. 


DESCRIPTION OF PLATES 


Plate 120 

Fig. I. Pulmonary vessel from the group measuring 100 to 250 /x in external diam- 
eter, showing I plus intimal proliferation. Van Gieson-Weigert’s elastic tissue 
stain. X I 35 - 

Fig. 2., Pulmonary vessel from the group measuring 100 to 250 ft in external 
diameter, showing 3 plus intimal proliferation. Van Gieson-Weigert’s elastic 
tissue stain. X 180. 














Plate 121 


Fig. 3. Pulmonary vessel from the group measuring 100 to 250 jx in external 
diameter, showing 4 plus intimal proliferation. Van Gieson-Weigert’s elastic 
tissue stain. X 225. 

Fig. 4. Pulmonary vessel from the group measuring 100 to 250 fx in external 
diameter, showing i plus hyaline deposition. Van Gieson-Weigert’s elastic 
tissue stain. X 715.’ 



American Journal or Patholoca*. Vol. XXIV 
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Plate 122 


Fig. 5. Pulmonary vessel from the group measuring 100 to 250 /x in external 
diameter, showing 3 plus hyaline deposition. Van Gieson-Weigert’s elastic 
tissue stain. X 580. 

Fig. 6. Pulmonaiy vessel from the group measuring 100 to 250 /x in external 
diameter, showing 4 plus hyaline deposition. Van Gieson-Weigert’s elastic 
tissue stain. X 1075. 












FULMINATING MENINGOCOCCIC INFECTIONS AND THE SO-CALLED 
WATERHOUSE-FRIDERICHSEN SYNDROME * 

J, Howard Ferguson, M.D., and Orren D. Chapman, M.D. 

{From the Departments of Pathology, and Bacteriology and Parasitology, 
Syracuse University College of Medicine, Syracuse, N.Y.) 

\yhenever the incidence of Neisseria meningitidis infections ap- 
proaches epidemic proportions there is an increase in the fulminating 
fatal infections, frequently with few or no signs of meningeal involve- 
ment. The progress of the disease in these cases is so rapid that death 
commonly occurs within 12 to 24 hours after the appearance of the 
first symptom. The presenting clinical picture is frequently one of 
phar3mgitis, fever, and sometimes gastro'intestinal symptoms, followed 
by the rapid development of widespread petechiae, cyanosis, periph- 
eral vascular collapse, and death. This condition has come to be known 
as the Waterhouse-Friderichsen syndrome, with collapse and sudden 
death supposedly produced as the result of massive bilateral hemor- 
rhage into the adrenal glands. This syndrome occasionally has been 
reported as occurring in other types of fulminating bacteriemia, but 
most frequently is associated with N. meningitidis infections. 

In the past few years we have had the opportunity of studying 16 
cases of acute fulminating meningococcic infection which were autop- 
sied. N . meningitidis was recovered from cultures of either blood or 
cerebrospinal fluid, or both, in each case. The pathologic changes 
found at autopsy in these cases support the view that the presenting 
clinical syndrome is the result of an overwhelming bacteriemia and 
toxemia. It is an accepted fact that massive bilateral adrenal hemor- 
rhage occurs in some cases, but from this series it would appear that 
these are only associated lesions and are not responsible in themselves 
for the clinical picture presented. Cases having the same clinical syn- 
drome show no great destruction of adrenal cortical substance. 

Report of Cases 
Case I 

M. D., a 3-months-old female, entered the hospital because of fever and rapid 
respiration. She had been apparently well until 12 hours before admission, when she 
became irritable and rapid breathing was noticed. Fever was noticed about 6 hours 
later. The past history and family history were negative. Physical examination 
before admission revealed an acutely ill infant. The temperature was 102° F.; the 
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pulse. rate, 170; and the respiratory rate, 100, There was no purpura. The right 
tympanic membrane and the throat were slightly injected. There was slight nuchal 
rigidity. There was dullness over the right chest with questionably impaired breath 
sounds and'Occasional fine rales over both scapular regions. The reflexes were physi- 
ologic. When seen in the hospital the infant was in extremis. Over the trunk and 
extremities was a fine, hemorrhagic, petechial rash. The temperature was 97° F. 
The child, expired hour later. 

Summary of Gross Autopsy Findings. Purpuric hemorrhages in 
skin and serosae; bilateral adrenal hemorrhage; toxic changes in skin 
and serosae; toxic changes in spleen and kidneys; meninges negative; 
cultures from blood, cerebrospinal fluid, lung, pericardium, and adrenals 
were positive for N. meningitidis. 

Case 2 

S. L., a female, 8 years old, was admitted to the hospital because of nausea, 
diarrhea, and abdominal cramps of 2 days’ duration, and delirium and purpura of 
12 hours’ duration. She had been well previously. During the preceding 2 weeks 
other children in the family had had “intestinal flu.” Two days before admission 
this patient developed the same symptoms. During the evening, about 12 hours 
before admission, she appeared feverish and delirious. The following morning she 
was found to have a purpuric rash over the body and complained of indefinite joint 
pain and pain in the areas of the rash. On admission she appeared acutely ill, and 
was irrational and restless. The temperature was 101.6° F.; pulse rate, 122; respira- 
tory rate, 40. Examination revealed mottled purplish areas of subcutaneous 
hemorrhage over the body, most marked on the legs. These were irregular in shape 
and size. There were many subconjunctival hemorrhages. There was slight pharyngeal 
injection and submucosal hemorrhage. There was no nuchal, rigidity. The heart 
and lungs were normal. There was generalized abdominal tenderness and bilateral 
costovertebral tenderness. Reflexes were physiologic. Examination of the blood 
showed 15,300 white blood cells with 85 per cent polymorphonuclear cells, of which 
63 per cent were nonfilamented. The erythrocytes were normal. Bleeding and 
clotting times were normal. Six hours after admission she appeared to be much 
worse. She did not respond to stimuli and the pupils were dilated. Blood pressure 
could not be obtained; the pulse rate was 220; and temperature, 107.2° F. A 
lumbar puncture was done and slightly cloudy fluid obtained. Death occurred 12 
hours after admission and 24 hours after the onset of acute symptoms. 

Summary of Gross Autopsy Findings. Purpuric hemorrhages in skin 
and mucosae; bilateral otitis media; early acute meningitis. Cultures 
from cerebral cortex, pericardial and peritoneal fluids, purpuric areas, 
and both middle ears were positive for N. meningitidis. Diplococcus 
pneumoniae, type 4, was recovered from the left middle ear. 

Case 3 

R. E., a male, 20 years of age, was first seen about 4 p.m,, complaining of sore 
throat. Examination was negative except for evidence of a marked pharyngitis. 
The patient was seen in the hospital at about g p.m. Temperature at this time was 
102.5° F. and there were noted a very red throat and a few scattered petechiae in 
the skin. There were no neurologic signs but, because of the petechiae, a blood 
culture was taken and a lumbar puncture done. The cerebrospinal fluid showed 130 
cells, mostly polymorphonuclear leukocj’tes. Four grams of sulfadiazine was given 
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b5' mouth. The patient rapidly became disoriented and the petechiae increased. 
About 2 a.m., 10 hours after he was first seen, the patient developed respiratory 
failure and died. 

Summary of Gross Autopsy Fmdings. Purpura in skin and mucous 
membranes; bilateral massive hemorrhage in adrenals; acute tracheo- 
bronchitis; very early meningitis. Cultures of blood and cerebro- 
spinal fluid were positive for N. menhigUidis, 

Case 4 

On the day of onset, A. B., a female, 30 years old, had felt well until afternoon 
when she complained of a slight sore throat. During the evening she had noticed 
numbness and pain in the arms and legs. There was no headache. She was seen 
by a physician about 10:30 p.m., when her temperature was 100.4° F.; pulse rate, 
96; respiratory rate, 20. Physical examination revealed a few petechiae in the 
skin. There w'ere no positive neurologic findings. The petechiae increased rapidly. 
The patient became drowsy and expired about 4 a.m., approximately 12 hours 
from the onset. 

Summary of Gross Autopsy Fmdings. Purpura in skin and mucous 
membranes; bilateral hemorrhages in adrenals; toxic changes in spleen 
and kidneys. Cultures from blood and cerebrospinal fluid were posi- 
tive for N. meningitidis. 

Case 5 

The patient, J. M., was a i -year-old female, who was admitted to the hospital 
because of fever and dyspnea of 12 hours’ duration. The past history was negative 
except for frequent colds. One week before admission she had had a “cold” with 
coryza and occasional cough. Twelve hours before admission she felt feverish and 
the cough increased in severity, causing her to vomit four or five times. Dyspnea 
was noted and she became drowsy. On admission she was acutely ill; respirations 
were rapid and grunting; there was slight cyanosis. Temperature was 106° F.; 
respiratory rate, 60. There were fine pinhead-sized petechiae over the neck and 
on one arm. Physical examination was otherwise not significant. There was no 
nuchal rigidity; reflexes were physiologic. The child was placed in an oxygen tent. 
The petechiae rapidly increased, and death occurred i hour after admission. 

Summary of Gross Autopsy Findings. Purpura of skin and mucous 
membranes; bilateral hemorrhage in adrenals; acute left otitis media; 
toxic changes in spleen and kidneys; early meningitis. Blood culture 
was positive for N. meningitidis. 

Case 6 

J. F., a 22-months-old male, had been seen in a neighboring tovTi by a physician 
who thought that he had bronchopneumonia. There were numerous purpuric spots 
over the body and extremities. The mother stated that there had been a few such 
areas for 2 weeks, but that they had markedly increased in the last few hours. The 
baby was sent to the hospital but was dead on admission. 

Summary of Gross Autopsy Findings. Purpura in skin and mucous 
membranes; right otitis media; toxic changes in spleen, liver, and kid- 
neys; slight hemorrhage in the adrenals; early meningitis. Cultures 
of cerebrospinal fluid were positive for N. me 7 iingUidis. 
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Case 7 

R. W., a male, 33 years of age, was a known chronic alcoholic, employed in a 
restaurant. He was reported to have been intoxicated daily until the day before 
death. He was seen sober on that afternoon at about 3 p.m. He said that he was 
going to bed but did not state any reason. He left a call for 5 a.m., his usual 
rising hour. He did not answer the call, and later was found dead. 

Summary of Gross Autopsy Findings. Purpura in skin and mucous 
membranes; bilateral hemorrhage in adrenals; toxic changes in liver 
and kidneys; culture of cerebrospinal fluid yielded N. meningitidis; 
blood culture was contaminated. 

Case 8 

W. T., a male, 44 years old, was admitted to the hospital in coma. There was an 
indefinite history of an upper respiratory infection. Otherwise he had been well 
until the morning of admission. At that time he became sulky and irritable, and 
later in the day, drowsy and incontinent of urine and feces. He was thought to 
be intoxicated. At 6 p.m., he was seen by a physician who noted petechiae on the 
body and nuchal rigidity. He was admitted to the hospital at 9 p.m. Has tempera- 
ture w’as 103° F.; pulse, 104; respiratory rate, 30; blood pressure, 80/40 mm. Hg. 
There were generalized petechiae and rigidity of the neck. Physical examination 
was otherwise negative. Lumbar puncture revealed 3840 cells per cmm. There 
w'ere many Gram-negative, intracellular diplococci. Cultures of the blood and cere- 
brospinal fluid revealed N. meningitidis. Intravenous sodium sulfadiazine was 
given, the patient receiving 7.5 gm, in hours. He became very restless, the 
pulse was rapid and irregular, and death occurred 8 hours after admission and 
approximately 22 hours from the onset of the iUness. 

Summary of Gross Autopsy Findings. Purpura of skin and mucous 
membranes; moderate meningitis; toxic changes in spleen, liver, and 
kidneys. 

Case g 

D. K. 0 ., a male infant, years old, was seen by a physician because of fever 
and petechiae of a few hours’ duration. The condition w'as not recognized and no 
specific treatment was given. The child' was dead w’hen seen several hours later. 

Summary of Gross Autopsy Findings. Petechiae in skin, conjuncti- 
vae, and serous membranes; early meningitis; no gross change in 
adrenals. Cultures of cerebrospinal fluid were positive for N. menin- 
gitidis. 

Case 10 

The patient, E. 0 ., was a female, 26 years of age, who had had symptoms of a 
mild cold for 3 days. On the afternoon of admission to the hospital there had 
developed fever, vomiting, chills, and stupor, followed by convulsions. On ad- 
mission the patient was stuporous. Petechiae had developed over the entire body. 
The temperature was 102° F.; pulse, 100; respiratory rate, 46; blood pressure, 
140/60 mm. Hg. There was nuchal rigidity and a bilateral Babinski sign. The 
cerebrospinal fluid was slightly cloudy and contained pus cells and Gram-negative 
intracellular diplococci resembling N. meningitidis. Examination of the blood 
showed 8,400 white cells, with polymorphonuclear cells, 80 per cent; nonprotein 
nitrogen, 50 mg. per cent. Blood cultufe was later reported as positive for "N. 
meningitidis. Sodium sulfadiazine was given intravenously and a blood level of 
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14 mg. -per cent established. The patient was given also antimeningococcic serum, 
adrenal cortical extract intravenously, and parenteral fluid because of low urinary 
output. Twenty-four hours after admission she became irrational and expired. 

Summary of Gross Autopsy Findings. PetecMae of skin and mucous 
membranes; toxic changes in kidneys; a few small hemorrhages in 
the adrenals; cirrhosis of the liver. Post-mortem cultures of blood and 
cerebrospinal fluid were negative. 

Case II 

D. K., a boy, 4^^ years old, had been well until the evening before admission 
w'hen he complained of headache, followed by vomiting. In the morning he was 
irrational and a rash w'as noted over his body. He was seen by a physician who 
foxind, in addition, fever and slight stupor. There was no nuchal rigidity or changes 
in reflexes. Later he had a convulsion, and was sent to the hospital. On entrance 
the temperature was 96° F.; pulse, 88; respiratory rate, 28. There was a general- 
ized purpuric macular rash, slight cyanosis, painful rigidity of the neck, hyper- 
active reflexes, and positive Kernig’s sign. Blood pressure was 100/40 mm. Hg. 
The blood examination showed the hemoglobin to be 14 gm.; red blood cells, 4.64 
millions; white blood cells, 23,700; polymorphonuclear cells, 84 per cent. Urine 
examination revealed no significant change. The cerebrospinal fluid was cloudy, and 
there were many polymorphonuclear cells and many Gram-negative diplococci 
resembling meningococci. Cultures of blood and cerebrospinal fluid were later re- 
ported as positive for N. meningitidis. The patient was given sulfadiazine, adrenal 
cortical extract, and fluids. That evening, although he appeared somewhat im- 
proved, his temperature rose progressively to 105.2° F. and his pulse to 170 and 
cardiac irregularity developed. The cyanosis increased. The patient was found 
to be sensitive to serum and desensitization was begun. Some edema of the eyelids 
developed. This was partially controlled with adrenalin, but as the reaction con- 
tinued, administration of antimeningococcic serum was stopped. The course was 
progressively worse, and the patient expired the next morning, 36 hours after 
admission and 60 hours after the onset of his illness. 

Summary of Gross Autopsy Findings. Edema of the eyelids; pete- 
chiae in skin and epicardium; meningitis. 

Case 12 

M. A. was a female, 2 j 4 years old, who was admitted to the hospital with the 
history of stiff neck, vomiting, and malaise of a few hours’ duration. She had had 
a slight rhinitis for 3 days. The child was acutely ill, with rapid shallow respirations, 
tachycardia, and a temperature of 106.5° F. There was nuchal rigidity and a posi- 
tive Kemig’s sign. Examination was otherwise negative. Lumbar puncture revealed 
a clear fluid with no cells. Sugar and chlorides were within normal limits. Cyanosis 
and dyspnea increased, the temperature rose to 108° F., and the patient died 24 
hours after the onset of the acute illness. There was no purpura at any time. 

Summary of Gross Autopsy Findings. Pulmonary congestion; con- 
gestion of brain; adrenals, negative; blood culture, positive for N. 
meningitidis. 

Case 13 

E. B., a male, 34 years of age, was admitted to the hospital because of pain in 
the legs, dyspnea, vomiting, diarrhea of 19 hours’ duration, and a purpuric rash 
of 9 hours’ duration. Past history was negative. On examination his temperature 
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was 100.6° F.; pulse, loo; respiratory rate, 28. There was restlessness and severe 
dyspnea. A diffuse, blotchy, purpuric rash was present over most of the body. 
There was no nuchal rigidity. The blood pressure could not be obtained. Neuro- 
logic examination was negative. The patient was given adrenal cortical extract 
intravenously and sulfameraxine orally. The blood pressure was recorded as 90/70 
nun. Hg, but feU progressively to 58/45 and later could not be read. The tempera- 
ture rose progressively to i04.6f F. The patient became very cyanotic and expired 
12 hours after admission and 31 hours after the onset of the acute disease. An 
ante-mortem blood culture was reported as positive for N. menmgitidis. 

Summary of Gross Autopsy Findings. Purpuric rash over entire 
body; petechiae in conjunctivae and serous membranes; massive hem- 
orrhage in adrenals; cloudy cerebrospinal fluid. 

Case 14 

A. M. was a male, 53 years old, who had complained of weakness of the lower- 
extremities and nausea 2 hours before admission. His family found him on the 
floor, imable to talk. A convulsion followed and he was sent to the hospital. On 
admission his temperature was 99.6° F.; pulse, 84; respiratory rate, 26; blood pres- 
sure, 85/65 mm. Hg. The only positive physical findings were slight spasticity and 
hyperactive reflexes in the' upper extremities. The peripheral blood was not re- 
markable. The urine showed albumin, 2 plus, with a few granular casts and pus 
cells microscopically. Cerebrospinal fluid pressure was 210 mm. of water. The 
fluid was cloudy and contained 850 cells per cmm. No organisms were seen in 
smears. Twenty-one hours after admission petechiae in the skin were noted. The 
temperature was 102° F. The blood pressure remained around 95/80. The patient 
became progressively worse and died 28 hours after admission. 

Summary of Gross Autopsy Findings. Petechiae on the torso and 
lower extremities, few in serous membranes; lungs, congested; spleen, 
soft; no gross hemorrhage in adrenals; meningitis, 2 plus; cerebro- 
spinal fluid positive for N. meningitidis by culture. 

Case 15 

R. M., a i-year-old male infant, had had a mild upper respiratory infection for. 
2 days. Approximately 24 hours before admission the child was noted to be rest- 
less. This was followed in a few hours by vomiting and a red rash on the skin. 
The child was sent to the hospital. The temperature was 103° F.; pulse, 165, weak 
and rapid; respiratory rate, 65; blood pressure, 145/100 mm. Hg. The pharynx was 
red. There was nuchal rigidity, hyperactive reflexes, and bilaterally positive Ker- 
nig’s sign. Lumbar puncture showed increased spinal fluid pressure, and. a cell 
count of 3600 per cmm., 60 per cent polymorphonuclear leukocytes and 40 per cent 
lymphocytes. Chlorides, 680 mg. per 100 cc. Meningococci were found in the 
fluid. The peripheral blood was not remarkable. The child was treated with 
penicillin intravenously and intrathecally and given sulfamerazine by mouth. Six 
hours after admission he was lethargic and semistuporous. Temperature was 
104° F.; pulse, 175; respiratory rate, 85; blood pressure, 90/60. There were 
increasing numbers of petechiae, and extreme cj'anosis. Death occurred 8 hours 
after admission. 

Summary of Gross Autopsy Findings. Petechiae over upper body, 
few in the serous membranes; blood-stained fluid in left pleural cavity; 
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congestion and edema of lungs; congestion of kidneys; negative adren- 
als; meningitis. 

Case 16 

I. L., a boy, 5 years old, "was seen by a physician because of nausea and vomit- 
ing, fever, and a skin rash of 12 hours’ duration. He had had a slight “cold” for ’ 
several days. On admission to the hospital, the temperature was 103.6° F.; pulse, 
200; respiratory rate, 20. The blood pressure could not be obtained. The child 
was deeply cyanotic and in coma. There were numerous petechiae in the con- 
junctivae and over the entire body, and erythema of the thighs. There was no 
nuchal rigidity. The reflexes were absent. Death occurred i hour after admission, 
approximately 13 hours after the acute onset. 


Table I 


Pertinent Clinical Data in 16 Cases of Acute Fulminating Meningitis 


Case 

Sex ; 

Age 

First 

symptoms 

First 

temp. 

Purpura 

Blood 

culture 

Spinal 

fluid 

culture 

Duration 

to 

death 





'mmam 




hours 

I 

F 

3 mos. 

Fever; 









irritability 


+ + + 

+ 

+ 

12 

2 

F 

8 yrs. 

Nausea; 









diarrhea ' 


+++ 

+ 

+ 

24 

3 

M 

20 yxs* ' 

Pharyngitis 

mSM 

++++ 

+ 

+ 

10 

4 

F 

30 yrs. i 

Pharjmgitis 

100.4 

++++ 

+ 

+ 

12 

s 

F 

I yr. 











106° 

++ 

+ 

0 

13 

6 

M 

22 mos. 



+++ 

0 

+ 

Fe\Y 

7 

M 

33 yrs. 

? 

« ! 

++ 4 * 

0 

+ 

Few 

8 

M 

44 yrs. 

Pharyngitis 

! 103*" 

++++ 

+ 

+ 

1 22 

9 

M 

1 34 yrs. 

Fever 

— 

++++ 

0 

+ 

: Few 

10 

F 

26 yrs. 

Fever 

105° 
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fever 

103.6° 

++++ 

+ 

+ 

13 


Summary of Gross Autopsy Findings. Petechiae in the skin, numer- 
ous petechiae in peritoneum and intestinal tract; bilateral hemorrhagic 
adrenals; early meningitis; petechiae in brain and meninges. 


A summary of the pertinent clinical data is given in Table I. 


Pathologic Findings 

A summary of the microscopic changes is found in Tables II and 
III. 















Table II 

Gross and Microscopic Changes in i6 Cases of Acute Fulminating Meningitis 
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Skin. Hemorrhage into the skin varied from moderate to marked 
in all cases except one, in which there was none (Fig. j). Sections 
through areas of petechiae were available in only 2 cases. In one, 
diffuse hemorrhage was seen in the corium, without recognizable 
changes in the blood vessels. In the other, rather diffuse hemorrhage 
and one area of capillary thrombosis were seen. 

Heart. The hearts were not unusual in size. In 12 of the 16 cases, 
petechial hemorrhages were found in the epicardium and beneath the 
endocardium. In the epicardium these tended to involve the distribu- 
tion of the coronary arteries, but scattered hemorrhages were present, 
also. The endocardial hemorrhages were irregular in distribution. In 
6 cases the myocardium was more flabby than usual. Microscopically, 
all but 4 cases showed varying degrees of leukocytic reaction, either 
perivascular or in the areas of degeneration, which was largely poly- 
morphonuclear; but in some instances a mixture of polymorphonuclear 
neutrophils, eosinophils, and mononuclear cells was present (Figs. 
2 and 3 ) . In 5 there were definite areas of necrobiotic change of heart 
muscle, varying from pyknosis of nuclei to complete necrosis of a num- 
ber of cardiac muscle cells. In 4 cases thrombi were found in capillaries 
in the myocardium. 

Lungs. Grossly, the lungs were not unusual aside from showing 
varying degrees of congestion and edema. This was evident also micro- 
scopically. Actual hemorrhage into interstitial tissue and alveoli varied 
from slight to marked in all cases. In 5 there was histologic evidence 
of acute bronchitis, in one instance the exudate was hemorrhagic. Only 
2 cases showed evidence of exudation into the alveoli. Hyaline thrombi 
in capillaries of the lung were commonly seen in ii of the 16 cases. 
In 3 they were noted as being slight, in 5 as being moderate, and in 3 
as being extensive in degree. In one instance a hyaline thrombus was 
found in one of the small arterioles. 

Spleen. Changes in the spleen were much more marked in the 
adults than in the children. All of the children’s spleens were of nor- 
mal size, although one appeared slightly softer than usual. In the 
adults, 6 of the 7 cases showed the gross and microscopic changes 
associated with early acute splenic tumor and one appeared normal. 
In some of the children the germinal centers of the splenic corpuscles 
appeared hyperplastic, but this was not constant. In 4 there was evi- 
dence of necrosis of the germinal centers. 

Liver. Gross changes in the liver were not remarkable. Microscopi- 
cally, no imiform change was found. In one case there was rather ex- 
tensive central necrosis with mononuclear cell reaction. In several 
there was a slight degree of fatty metamorphosis of the liver cells. 
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However, in 3 cases there were found areas of hyaline thrombosis in 
the sinusoids. 

Pancreas. Gross and microscopic examination of the pancreas was 
negative except for the presence of a few hyaline capillary thrombi in 
2 cases; one of these was in a child, the other in an adult. 

Kidneys. Gross changes in the kidneys were slight but rather uni- 
form. In all cases there appeared slight pouting of the cut surfaces 
of the kidney substance. The markings tended to be indistinct. In 
some the kidney substance had a slightly cooked appearance. Punc- 
tate areas of hemorrhage into the mucous membranes of the pelves 
were common. Microscopically, changes in the kidney tissue were 
rather marked. The predominant lesion was one of hyaline thrombosis 
in the capillaries of the glomerular tufts. This was present to some 
degree in 10 of the 16 cases (Fig. 5). In many sections most of the 
capillary loops of certain glomeruli were occluded by massive reddish 
hyaline thrombi. In other instances such hyaline material seemed to 
be present along the capillary walls without completely occluding the 
vessel. Where thrombosis was present to a less marked degree it was 
possible to see the fibrinous nature of the material (Fig. 6). In addi- 
tion to the thrombi in many of the glomeruli, there were scattered areas 
of hyaline degeneration, apparently involving the endothelial cells of 
the capillary loops, without thrombosis being present. Exudation of 
leukocytes into these involved capillary tufts was not prominent, but 
occasionally polymorphonuclear cells were seen. The tubules were 
affected in varying degrees. In some there was simple swelling of the 
cells of the convoluted tubules; in 2 there was rather extensive fatty 
degeneration of tubular epithelium; in 5 of these cases the tubules con- 
tained relatively large quantities of desquamated epithelium and debris. 

Adrenals. Gross changes were present in the adrenals in 9 of the 
16 cases. In all 9, edema of the perirenal fat and capsule was noted. 
The adrenals in the involved cases were moderately increased in size 
but in general maintained their normal outline. On section, reddish 
purple discoloration of varying degree was found scattered throughout 
the gland, in some cases almost completely replacing the normal mark- 
ings. Occasionally, a rim of normal-appearing cortical tissue could be 
seen around the periphery of the gland substance. 

Microscopically, there was only one case in which no definite change 
could be found in sections of adrenal gland. This was in the child who 
survived 60 hours. In all other cases, even though the glands appeared 
grossly normal, definite and usually rather marked microscopic changes 
were present. These varied in both type and degree. The simplest 
change consisted of focal areas of necrosis involving the medullary 
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portion of the gland with an infiltration of polymorphonuclear and 
eosinophilic leukocytes. In other adrenals this process of acute necrosis 
and polymorphonuclear infiltration was so marked as to replace the 
medullary tissue almost completely (Figs. 7 and 8). Focal areas, of 
necrosis and polymorphonuclear infiltration were seen occasionally in 
the cortical tissue, but these were not prominent. Congestion and hem- 
orrhage were present in these cases to only a slight degree. Hemor- 
rhage was found mostly in the outer areas of the medulla and extended 
to the inner layers of the cortex. In cases showing more marked in- 
volvement, it was so great as to destroy almost completely all normal 
markings. Occasionally, in the surviving areas, foci of necrosis of both 
cortex and medulla could be seen. Thrombosis of the adrenals was seen 
in II cases. It was most prominent in the capillaries between the 
medulla and the cortex (Figs. 9 and 10). In some instances it was 
massive and extended along the sinusoids between the cords of cortical 
tissue. In 2 instances both thrombosis and hemorrhage were so marked 
that the picture suggested massive infarction of cortical tissue. Throm- 
bosis of the central vein of the adrenals was seen in 2 cases (Fig. 4). 
These thrombi were similar to those seen in the kidney. Where they 
were present to a slight degree the fibrin constituent could be readily 
recognized. In areas where they were present to a more marked de- 
gree, they were reddish and hyaline. Many of these thrombi could be 
missed very easily in examination of sections prepared with the routine 
hematoxylin and eosin stain. They became very prominent when Mas- 
son’s trichrome stain was used. 

The tubular degeneration of the adrenal cortex described by Thom- 
as,^ Dietrich,^ and others, and recently emphasized by Rich,^ was 
seen in some cases but was not imiform. It was present to the great- 
est degree in those cases showing the most marked gross and micro- 
scopic changes, and did not explain the circulatory collapse in those 
cases showing minimal adrenal lesions (Table IV). 

Sections of the lymph nodes, thymus, gastrointestinal tract, dia- 
phragm, gallbladder, urinary bladder, aorta, and thyroid showed 
nothing significant except for petechial hemorrhages and an occasional 
capillary thrombus. 

Brain. The brain was examined in 15 of the 16 cases. In 5 there 
was no gross evidence of meningitis. However, in one of these micro- 
scopic examination showed a slight infiltration of leukocytes in the pia 
arachnoid. Congestion of the pia arachnoid and of the brain sub- 
stance was rather pronounced. In the 10 cases with gross evidence of 
exudate into the pia arachnoid, microscopic examination revealed the 
usual histologic changes of acute leptomeningitis. In the one case 
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(no. 13) in which the head was not opened, a spinal tap was per- 
formed at autopsy and slightly cloudy fluid was removed from the 
subarachnoid space. Focal hemorrhages into the pia arachnoid were 
common even in the absence of meningeal exudate. In 2 cases micro- 
scopic examination revealed several areas of hyaline capillary throm- 
bosis in vessels in the brain tissue. ' 

Choroid Plexus. Sections of the choroid plexus were available in 6 
cases. One showed simple congestion. In 4 there was a rather diffuse s 
but focal inflammatory reaction consisting largely of polymorphonu- 

Table tv 


Degree of Meningitis and Adrenal Changes with Available Blood Pressure Readings 


Case 

Degree of 
meningitis 

Blood 

pressure 

Depee of adrenal 
hemorrhage 

Tubular 

degeneration 

Survival 



fnm. jQTg ' ! 



hours 

I 

0 


++++ 

0 

12 

2 

+ + 
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0 

++++ 

24 

3 

+ 

— 

++++ i 


10 

4 

0 


4- + + + 

+ + + + 

12 

s 
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+ + 

0 

13 

6 

-1- 

— 

+ 

0 

Few 

7 

0 


+ + + + 

+ + 

Few 

8 

++ 

80/40 

0 

+ + 

22 

9 

+ 

— 

0 

+ 

Few 

10 

0 

140/60 

+ 

+ 

24 

II 

+ 4 - 4 -+ 

100/40 

0 

+ 

60 

12 , 

+ 

— 

' 0 

0 

: 24 

13 

+ + (fluid) 

90/70 to 58/45 

+ + + + 

0 

31 

14 

+ -1- + 

, 85/65 

0 

+ + + + 

30 

15 

++ + 

145/100 to 90/60 

0 

+ 

32 

16 

+ 

Too low to read 

+ + + + 

0 

13 


clear leukocytes, and hyaline and fibrin thrombi were present in the 
capillaries of the plexus (Figs, ii and 12). 

Middle Ears. Acute otitis media was found as an associated lesion 
in 3 of the children. 


Bacteriologic Procedures 

It will be noted that Neisseria meningitidis was isolated from either 
the blood or cerebrospinal fluid, or both, in every case in this series. 
Such successful results are obtained by careful attention to modern 
bacteriologic detail. The centrifugated sediment from the cerebro- 
spinal fluid is inoculated upon at least three different media; an entire 
“chocolate” agar plate is prepared from infusion agar base by the 
addition of 6 per cent citrated horse’s blood and heated at 85° C. for 
5 minutes, and an entire fresh blood agar plate prepared from infusion 
agar base by the addition of 6 per cent citrated horse’s blood. The 
contents (5 cc.) of a dextrose semisolid fermentation tube are then 
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mixed with the remaining sediment, usually in the original specimen 
tube. This medium is Difco * phenol red broth base to which 0.5 per 
cent dextrose and 0.2 per cent agar have been added. The dilution of 
the sediment under such conditions prevents the inhibition of multi- 
plication of the organisms by the enzymes of the leukocytes present 
and allows for successful isolation in certain instances in which the 
ordinary cultural methods fail. It is not unusual to obtain a heavy 
growth of this organism in such tubes in 18 to 24 hours, while a very 
sparse growth is obtained on the plates at 48 hours. All cultures are 
incubated at 35° to 36° C. 

The blood cultures are prepared by adding approximately 7 to 
10 cc. of blood to 70 cc. of medium contained in a rubber-capped bot- 
tle under reduced oxygen tension. The medium is a buffered tryptose 
phosphate broth (Difco *) containing o.i per cent agar, o.r per cent 
sodium citrate,' and 0.02 per cent para-amino-benzoic acid. If the 
patient has been receiving penicillin therapy, penicillinase in adequate 
amounts is added at the time of collection of the blood. These cul- 
tures are incubated at 35° to 36° C. and inspected daily or twice daily 
for evidence of growth. 

Discussion 

In the 16 cases of overwhelming meningococcic infection presented, 
there was considerable variation in both the clinical syndrome and in 
the post-mortem findings. 

Of these 16 cases, 10 were males and 6 were females. The age inci- 
dence varied from 3 months to 53 years. Nine of these cases were in 
children ranging in age from 3 months to 8 years, while 7 were adults 
ranging from 20 to 53 years of age. Although the picture of over- 
whelming meningococcemia is one which is recognized by pediatricians, 
the rather common occurrence of this same condition in adults has not 
been generally recognized. Moritz and Zamcheck^ stated: “The inci- 
dence of rapidly fatal meningococcemia appears to be considerably 
higher in younger than in older soldiers.” One of the most striking 
features of the disease is the rapidity of its progress. Although several 
of these patients had complained of an ordinary upper respiratory 
infection for a period of 2 or 3 days, most of them (or their parents) 
could place the onset of acute illness at some particular hour of the 
day or night. From this time on, 12 of the 16 cases ended fatally 
within 24 hours or less. Three patients survived about 30 hours, and 
one survived approximately 60 hours. This confirms the frequently 
quoted statement of Herrick “No other infection so quickly slays.” 
Although the presenting symptoms varied considerably, it was notable 

* Difco Laboratories, Detroit, Michigan. 
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that in adults phar3nigitis was a common chief complaint, whereas in 
children fever, headache, and irritability appeared to be particularly 
common. In patients who were seen by physicians, cyanosis was 
marked. 

Purpura of the skin and mucous membranes was prominent in all 
except one case. These hemorrhagic manifestations developed rapidly 
and could be seen to increase rapidly while the patient was under 
observation. Increasing cyanosis, delirium, stupor, circulatory col- 
lapse with falling blood pressure and death soon followed. Cases of 
this type have been known as the Waterhouse-Friderichsen syndrome. 
Martland ® found only 107 cases of this syndrome prior to 1943 and 
added 19. Many have been described since. 

In most cases the causative organism has been a meningococcus, but 
other organisms such as Diplococcus pneumoniae, Streptococcus 
haemolyticus (beta), Haemophilus influenzae, and others have been 
reported. In all of our cases the meningococcus was isolated from 
either the blood or cerebrospinal fluid, or both. This is quite in con- 
trast with the statement of Rucks and Hobson that ‘‘search for the 
causative agent in the spinal fluid is generally fruitless.” The reports 
of McLean and Caffey,® and others, and more recently of Tompkins ^ 
on the recovery of organisms from the purpuric lesions offer another 
method for the rapid recognition of the inciting factor. 

The striking change seen at autopsy, in addition to those in the 
meninges and adrenals, is the microscopic evidence of diffuse and 
marked vascular damage with thrombosis in many organs of the body. 
Thrombi were found in the capillary systems of various organs in all 
except one case — in the patient who survived for 60 hours. In the more 
severe areas of involvement almost every vessel, in some organs, was 
occluded by such masses of hyaline material. Such changes were seen 
in the heart, lungs, liver, kidneys, adrenals, pancreas, and gastro- 
intestinal tract in varying degrees. Hill and Kinney have recently 
described the marked vascular damage and thrombosis which they 
found in the skin, membranes, and other organs. In the present series 
there was no correlation between the amount or degree of thrombosis 
in one organ and in another, or between the occurrence of such throm- 
bosis and the presence of meningitis. Extensive thrombosis was found 
in the organs of some patients in whom changes in the adrenal glands 
were comparatively slight. In others, massive thrombosis occurred in 
the kidneys and adrenals, and other organs showed comparatively 
slight changes. In 7 of these cases there was no gross hemorrhage into 
the adrenals and in 3 it was slight to moderate. Even in cases in which 
it was marked, much surviving adrenal cortical tissue was seen when 
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the gl^ds were examined microscopically. In tliose cases in which 
the blood pressure was taken there was no correlation between the 
degree of adrenal cortical destruction and the level of the blood pres- 
sure (Table IV). In those cases in which it was not taken, circulatory 
collapse was evident. Clinically, and otherwise at autopsy, the cases 
with and without massive hemorrhage into the adrenals cannot be 
separated. Boger stated: “Clinically, the term ‘fulminating meningo- 
coccemia’ seems preferable to ‘Waterhouse-Friderichsen syndrome,’ 
and if the latter has any usefulness it should be restricted to patho- 
logical discussions.” From these studies its use does not appear justified 
in pathologic discussions. There is evidence of an intense overwhelm- 
ing bacterial infection with marked vascular damage resulting in 
thrombosis, hemorrhage, or both. Such changes were found in varying 
degree in every organ examined, although, as would be expected, not 
uniformly in all organs in all cases. In some patients the damage in 
one organ was more marked than in another. The reason for this is 
unknown, but such unexplained variations in degree of involvement 
are not unusual in other infections. However, from the evidence pre- 
sented, there appears no reason for selecting one organ over another 
for special attention. It is true that, clinically, the collapse that is 
seen in patients with fulminating meningococcemia simulates the col- 
lapse of acute adrenal cortical insufficiency, and that in some cases of 
such meningococcemia there is massive but not total destruction of 
adrenal cortical tissue. However, the occurrence of many similar 
cases without massive involvement of the adrenal cortex appears to 
minimize the importance of those changes as the productive cause of 
the clinical syndrome. 

There appears to be no correlation between other described changes 
in the cortex and the degree of circulatory collapse. It is still possible 
that exhaustion of the cortical cells may be present without histologic 
changes being produced. It appears probable that such exhaustion 
takes place more readily in the presence of overwhelming infection, 
but at the present time there are no criteria for the recognition of 
such exhaustion. For these reasons we believe the term “Waterhouse- 
Friderichsen syndrome” should be discontinued. Either the term 
“fulminating meningococcic infection” or “fulminating meningococce- 
mia” appears justified. In this series, blood cultures taken either ante- 
mortem or post-mortem were positive in ii of i6 cases. One was con- 
taminated, and one was taken only after rather vigorous treatment 
had been given (case 15). The term “meningococcic meningitis” does 
not sufficiently separate the fulminating cases from those commonly 
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seen, and in this series there was no evidence of meningitis at the time 
of death in 4 cases. 

Some clinicians have attempted to divide cases of fulminating menin- 
gococcemia into adrenal and meningeal types.^^ As seen in Table IV, 
in this series, although occasional cases showed marked change in one 
location and not the other, there is no constant relationship. 

Treatment 

Considering the overwhelming infection and toxemia in such cases, 
the value of treatment is a matter of great interest. The fact that 
patients presenting the classical picture of overwhelming meningo- 
coccic infection and intoxication have survived following prompt recog- 
nition and vigorous therapy, stimulates one to advocate the use of all 
available therapeutic agents in adequate dosage. Sulfadiazine by mouth 
may be satisfactory in the ordinary case of meningococcic meningitis, 
with or without bacteriemia, but this drug should be used intra- 
venously, in adequate dosage, if the greatest value is to be obtained in 
the fulminating type of this infection. It is quite apparent that penicil- 
lin should be used in conjunction with sulfonamide therapy and that 
in the cases showing evidence of meningeal involvement it should be 
administered intrathecally as well as parenterally in adequate and 
sustained dosage. The use of antimeningococcic serum has been prac- 
tically discontinued in the treatment of meningococcic meningitis. It 
is apparent, however, that in the fulminating case the patient needs 
assistance in combating the overwhelming infection and toxemia until 
the defense mechanisms can produce sufficient immune substance to 
sensitize properly its soluble products. The use of antimeningococcic 
serum in adequate dosage is definitely indicated in the suspected 
presence of severe infection and intoxication. Adrenal cortical extract 
has been used by those who believe that the peripheral vascular col- 
lapse is due to adrenal damage. At the present time its use must be 
considered empiric. In this series, cases 2, 4, 6, g, and ii were not 
reco^ized clinically. Cases 3, 12, and 13 were recognized or sus- 
pected, but not adequately treated. Cases i, 5, 7, and 16 were seen too 
late for any treatment to be of possible use, and only 4 patients (cases 
8, 10, 14, and 15) were given what appeared to be adequate treatment. 

Summary 

Sixteen fatal cases of fulminating meningococcic ' infection were 
studied in which complete post-mortem and bacteriologic examinations 
were made. 
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During epidemics, meningococcic infection of this type is not un- 
common, and the condition must be recognized and treated properly 
and early if the mortality rate is to be diminished. 

The findings at autopsy are those of an overwhelming bacterial 
infection with vascular damage, thrombosis and hemorrhage in many 
organs. Meningeal involvement may be slight or absent. 

The term “Waterhouse-Friderichsen S5mdrome” should be discon- 
tinued as evidence shows the condition to be one of general bacterial 
toxemia, and the occurrence of massive hemorrhage into the adrenal 
glands is not necessary to produce the peripheral vascular collapse 
which is so prominent in these cases. ' 

Miss Anne Moran, Assistant Bacteriologist, Bureau of Laboratories, Syracuse 
Department of Health, and Miss Winifred Osborne, Research Assistant, Depart- 
ment of Bacteriology and Parasitology, rendered valuable technical assistance in 
the bacteriologic studies herein reported. Grateful acknowledgment is due Miss 
Stella Zimmer for the photomicrographs. 
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DESCRIPTION OF PLATES 


Plate 123 

Fig. I. Cutaneous purpura. Lesions vary from punctate areas as on the hand to 
more massive areas as seen on the legs. Present in all cases except one (no. 
12). 

Fig. 2. Myocardium, showing a lesion of most extensive form. Arteritis with 
thrombosis and marked perivascular infiltration of neutrophils, eosinophils, 
and large mononuclear leukocytes. Hematoxylin and eosin stain. X 240. 













Plate 124 

Fig. 3. Myocardium. Focal area of inflammatory infiltration. Neutrophils, eosino- 
phils, and large mononuclear leukocytes, many with eosinophilic cytoplasm. 
Myocytes were seen in many fields. Hematoxylin and eosin stain. X 950. 

Fig. 4. Adrenal medulla. Mixed thrombus in central vein. Goldner’s modification 
of Masson’s trichrome stain. X 230. 















Plate 125 

Fig. 5. Kidney. Marked hyaline thrombosis in glomerular tuft. In some areas the 
capillary is completely occluded. In other areas the material is attached to 
the endothelium, leaving a central space. Goldner’s modification of Masson’s 
trichrome stain. X 420. 

Fig. 6. Higher power of the glomerular tuft seen in Figure 5, showing location and 
character of hyaline material. Goldner’s modification of Masson’s trichrome 
stain. X 970- 
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Plate 126 

Fig. 7. Adrenal medulla. Moderate perivascular infiltration of mononuclear cells 
with some neutrophils and eosinophils. Slight medullary hemorrhage. Hema- 
toxylin and eosin stain. X 200. 

Fig. 8. Adrenal medulla. Marked infiltration of neutrophils, eosinophils, and some 
mononuclear cells. Sparse filamentous fibrin thrombi in sinusoids. Very slight 
hemorrhage. Hematoxylin and eosin stain. X 530. 
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Plate 126 
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Plate 127 

Fig. 9. Adrenal. Border between medulla and cortex. Rather marked hemorrhage. 
Most sinusoids are occluded by filamentous hyaline fibrin thrombi. Goldner’s 
modification of Masson’s trichrome stain. X 230. 

Fig. 10. Adrenal as in Figure 9, showing filamentous hyaline thrombotic material 
extending along the occluding sinusoids. X 950. 


792 



American Journal of Pathology. Vol. XXIV 


Plate 127 
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Plate 128 

Fig. II. Choroid plexus. Inflammatory infiltration of interstitial tissue. Thrombosis 
of veins and sinusoids. Hematoxylin and eosin stain. X 115. 

Fig. 12. Choroid plexus. Fibrin thrombus containing few cells. Goldner’s modifi- 
cation of Masson’s tri chrome stain. X 115. 
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Plate 128 
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CYTOLOGIC STUDIES WITH THE PHASE MICROSCOPE 

III. Alterations in the Nuclei of “Resting” and Dividing 
Cells Induced by Means of Fixatives, Anisotonic 
Solutions, Acids, and Alkali * 

Hans U. Zollinger, M.D. t 

(From the DcparUnent of Pathology of Cornell University Medical College, and the 
New York Hospital, New York 21, N.Y.) 

Two preceding papers ^ have dealt with the structure of the cellu- 
lar membrane and of certain protoplasmic constituents as studied with 
the phase microscope (PM). The present study is concerned with the 
nuclei of cells, particularly with the nature of the nucleus as revealed 
by alterations induced artificially in it. 

The method has been described in part I.^ 

Observations 

The nuclei of normal living cells are spherical, or ovoid, when viewed 
with the PM. In tumor cells they are mostly irregularly outlined and 
their shape and size vary. The nuclear membrane is rather thick and 
black, and shows a few protuberances on its inner side (Fig. i), 
whereas the outer side is smooth. The membrane seems to be stretched 
by the exertion of moderate pressure. Depressions of this membrane, 
very often observed in microscopic sections, appear in fresh cells 
only if there are large blisters ^ in the protoplasm. The chromatin net- 
work is loose in fibrocytes and in cylindric cells, and rather dense in 
liver and kidney cells. The chromatin of malignant tumor cells is 
usually plump. In all cells there are black, irregular spots or threads 
of different sizes scattered throughout the nucleoplasm, particularly 
in the regions of the intersections of the chromatin network. In both 
normal and tumor cells a slight oscillating movement of these spots 
and threads is sometimes visible, particularly in the large nuclei of the 
granulosa cell tumor. These fine granules seem to be stained by Janus 
green, but their minute size makes this observation very difficult. 

The nucleolus is somewhat larger and more regularly outlined than 
are the black spots of heterochromatin (karyosomes) just described. 
In kidney cells of the frog it measures about 0.2 to 0.4 [ m , whereas 
the cellular diameter is about 14 /x, and that of the nucleus about 8 /x. 

* Received for publication, August ig, 1947. 

t Fellow of the Swiss Foundation for Biological-Medical Fellowships. 
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The degree of shrinkage in paraffin-embedded, and even in frozen sec- 
tions is evident when these figures are compared with those achieved 
by measuring kidney cells in microscopic sections, in which the cellu- 
lar diameter ranges from 8 to lo ^ and the nucleolar diameter from o.i 
to 0.2 fx. The nucleoli of malignant tumor cells are much larger, being 
0.3 to 1.4 in Brown-Pearce carcinoma cells. In large nuclei (Fig. 2) 
the nucleoli sometimes move very slightly to and fro. It is not always 
possible to distinguish between karyosomes and nucleoli unless dis- 
tilled water is added to the suspension, which causes the disappear- 
ance of the chromatin network, leaving the nucleolus clearly visible 
(Fig- 3)- 

The nuclear sap, with parts of the chromatin network, flows out, and 
the cell collapses when a large laceration is made in the nuclear mem- 
brane. The nuclear sap disappears in the suspension medium, whereas 
the nuclear membrane and the rest of the chromatin network shrink 
considerably. “Naked” nuclei (Fig. 4) often are seen floating in the 
suspension medium, probably because the membranes of the cells 
have been destroyed during the preparation of the cell suspension. 
The “naked” nuclei remain morphologically unchanged in physiologic 
saline or buffered glucose Ringer solution at room temperature for 5 to 
20 minutes. 

The nuclei swell considerably and very rapidly when the physio- 
logic medium under the coverslip is replaced by distilled water. The 
nuclear membranes become very thin and regular, and the nucleoplasm 
appears hazy and homogenous, whereas the nucleolus remains visible 
(Fig. 3). Further replacement of the distilled water by physiologic 
saline solution causes the reappearance of the chromatin network, 
which is now slightly plumper than in the original cells, although its 
location and arrangement are the same. The nuclear membrane soon 
increases in width until it reaches its original thickness. This proce- 
dure can be repeated several times, the result always being the same. 

Molar NaCl first causes the same enlargement and hazy structure 
of the nucleus as does the addition of distilled water, but after a few 
seconds the nucleolus also disappears (Fig. 5). The replacement of 
the molar NaCl by physiologic saline solution is followed by a slight 
decrease in nuclear size. First, the nucleus remains hazy; however, 
soon the nucleolus reappears (Fig. 6), although smaller than it was 
before. A few seconds later, a small, delicate, dark intranuclear net- 
work or ring arises around the nucleolus (Figs. 7 and 8). Optically, 
this network or ring behaves like the chromatin network, although it 
never shows the same arrangement in a cell as the chromatin network 
did at the start of the experiment. Then, the rest of the nucleoplasm 



PHASE MICROSCOPY, INDUCED NUCLEAR ALTERATIONS 


799 


loses its hazy appearance and becomes clear. The nuclear membrane 
remains much thinner than in normal cells. This whole process can be 
repeated several times with the same cell. 

In o.os M ammonia, the nucleus swells considerably, turns hazy, and 
loses its chromatin structure. Then the nucleolus disappears, and 
finally the nuclear membrane fades (see Fig. 23 of previous study ^). 
One-tenth and 0.5 M ammonia act much faster, and they first seem to 
destroy the nuclear membrane in these concentrations. However, the 
replacement of the ammonia by physiologic saline solution is followed 
by the reappearance of the nuclear membrane (Fig. 9), but the 
chromatin network and the nucleolus remain invisible. 

When o.i per cent hexylresorcinol S.T. 37 * and o.i per cent zeph- 
iran,t two surface-active compounds, are drawn under the coverslip, 
the nuclei turn hazy as soon as the compound reaches the cells, swell- 
ing and showing the same change as in distilled water. The continued 
action of zephiran causes the disappearance of the nucleolus, whereas 
hexylresorcinol produces no nucleolar changes. In NaOH of pH 8.3, 
the nucleolus turns somewhat hazy while the chromatin and the nu- 
cleolus remain visible, but the chromatin appears granular rather 
than net-like. At pH lo.i, the nucleolus enlarges and the chromatin 
gradually disappears (Fig. 10). These nuclear changes are irreversible. 

In a slightly acid medium (pH 5.8), the nucleolus is the first ele- 
ment to turn brilliant and bluish, followed by the nuclear membrane 
and the chromatin. These changes take place within 5 to 10 seconds, and, 
even if the acid medium is replaced by buffered saline solution of pH 7.0 
as soon as the nucleolus turns brilliant, they are irreversible. Stronger 
acid (pH 4.0)' causes the same irreversible changes. Two-tenths molar 
HCl produces a very rapid shrinkage of the protoplasm and the nu- 
cleus; the various elements of the latter become brilliant, and the 
thick membrane, wrinkled and double-contoured. Further replacement 
of this medium by physiologic saline solution brings about no change. 
If cells have been first in molar NaCl and then in 0.2 molar HCI, the 
nuclei do not become brilliant, and the nuclear membranes are no 
longer visible. The cells appear shiny yellow throughout, but are 
much smaller than are normal cells which have been exposed to HCl 
without previous treatment by molar NaCl. 

The addition of 10 per cent formalin to a fresh suspension of cells 
is followed after a few seconds by a very slight shrinkage of the nu- 
cleus, which appears first hazy and homogenous. The whole cell then 
becomes more refractive; the nucleolus and the chromatin network 

* Sharp & Dohme, PhUadelphia, Pa. 

tWinthrop Chemical Co., Inc., New York, N.Y. 
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turn brilliant bluish. The most impressive change is the irregular 
thickening and the brilliant appearance of the nuclear membrane, 
which is now double-contoured (Fig. ii). The changes are produced 
by loo per cent formalin, but the shrinkage is much more pronounced. 
The changes are irreversible in both cases. 

Cells that have previously been in distilled water are changed in 
the same way by formalin: the haziness of the nucleus disappears, the 
chromatin network reappears (Fig. 12) and turns brilliant as well as 
the nucleolus and the nuclear membrane. When cells which have been 
in molar NaCl for several minutes are exposed to 10 per cent formalin, 
there first appears an intranuclear, rather plump network (Fig. 13), 
which is somewhat similar to that shown in Figures 7 and 8. Several 
seconds later, the nucleolus, the nuclear membrane, and this plump 
network slowly turn brilliant (Fig. 14). In contrast to these findings, 
10 per cent formalin does not cause the brilliant appearance of any 
nuclear element in cells which previously have been in 0.05 to 0.5 M 
ammonia. Such cells remain in the same state as they were before 
the formalin was added to the suspension. Acetone, 70 and 95 per 
cent alcohol, and 5 per cent acetic acid (Fig. 15) alter the cells in 
exactly the same manner as formalin. 

A very peculiar change is produced by 3 per cent potassium bi- 
chromate: after 2 or 3 seconds, the nuclear membrane becomes thicker, 
but not brilliant; the chromatin loses its net-like structure and takes 
the form of irregular, dark dots scattered through the nucleoplasm 
(Figs. 16 and 17); the nucleolus becomes very distinctly outlined. 
This alteration can be called an intermediate stage, because i or 2 
minutes later the nucleus becomes brilliant. Finally, all of the nuclei 
shrink and show brilliant elements. In this last stage, the cells are not 
distinguishable from those treated with alcohol, acetone, acetic acid, 
and formalin. 

The bright extracellular ring in Figure 17 represents an optical 
phenomenon, which is present in the PM around every spherical 
body, and which is a consequence of the diffraction of the light by 
spherical cells. The large size of this ring in Figure 17 indicates that 
the cell has become spherical, whereas the small size of this, ring 
around normal cells, or its absence, demonstrates that these cells are 
rather fiat. 

The Nucleus in Mitosis 

Mitotic figures can always be seen in suspensions of malignant 
tumors. They are particularly numerous in the Brown-Pearce carci- 
noma, the V2 carcinoma (originating in the Shope papilloma), and the 
C3H sarcoma (Figs. 2, 18, and 19). In contrast. to the somewhat flat 
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shape of cells in the resting phase, the mitotic cells are almost spherical, 
in general more refractive, and enlarged. Due to their spherical form, 
they touch the adjacent cells over a much smaller area than do cells 
in the resting phase. The slightest current in the suspension medium 
under the coverslip, therefore, detaches mitotic cells long before the 
other cells are washed away. 

The chromosomes of cells in suspensions are somewhat wider under 
the PM than in fixed and stained sections. In malignant tumor cells, 
their arrangement is irregular and the various disturbances as de- 
scribed by Koller ^ (stickiness, non-disjunction, clumping, etc.) are 
readily visible. The mitotic chromosome star is surrounded by an 
indistinct, bright halo (Fig. i8). Spindles, or even traces of them, 
such as are seen in fixed and stained sections, can never be observed 
in fresh cells. The protoplasm of mitotic cells is rather bright and 
contains numerous black granules, which are uniformly small, whereas 
the black granules in the surrounding resting cells can be much larger 
(Fig. i8). In mitotic cells of the Shope papilloma, where they are 
particularly large, these black granules can be stained specifically with 
Janus green. A few medium-sized storage granules appear only after 
the suspension has been at 37°C. for at least 30 minutes. 

The chromosomes of mitotic cells disappear within i or 2 seconds 
after distilled water or molar NaCl reaches the cell (Fig. 20). In the 
prophase and metaphase, the perichromosomal halo develops into a 
slightly hazy space or vesicle in the center of the cell, and first looks 
like a raspberry. Later, this vesicle becomes spherical and well de- 
fined (Fig. 20). In this phase, the only difference between these cen- 
tral vesicles in mitotic cells and the swollen nuclei in the surroimding 
nonmitotic cells is the fact that the outlining membrane of the former 
is definitely thinner (Figs. 20 and 21) than that of the latter (Figs. 

3 and 5) . In the anaphase and the telophase, instead of the single central 
vesicle, there appear two vesicles separated either by a thin membrane 
or by two membranes enclosing a small layer of protoplasm. The 
chromosome star reappears, surrounded by a bright, irregular halo, 
when distilled water or molar NaCl is replaced by physiologic saline 
solution (Fig. 22). At the same time, the thin membrane of the 
central vesicle, or vesicles, shrinks and forms the outline of the irregu- 
lar halo. The chromosomes show exactly the same arrangement as they 
did before the experiment. They even show the same structure after 
the action of distilled water, whereas they are much larger and paler 
after the cells have been in molar NaCl. This procedure can be re- 
peated several times with the same cells, the result being always the 
same; i.e., these changes are completely reversible after molar NaCl. . 
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The small black granules in the protoplasm of mitotic cells enlarge 
slightly in distilled water (Fig. 20), whereas they decrease in molar 
NaCl. The brilliant storage granules are not noticeably changed. A 
solution of 0.05 to 0.5 M ammonia brings about a very sudden dis- 
appearance of the chromosomes, which do not reappear after the 
replacement of the ammonia by physiologic saline solution. Various 
fixatives (alcohol, acetone, formahn, etc.) convert the chromosomes 
into small, brilliant, bluish hooks. These changes, in contrast to the 
changes caused by distilled water, or molar saline solution, are irre- 
versible. 

Discussion 

Viewed with the PM, the nucleus consists of a rather thick, black 
membrane, a well defined black nucleolus, a chromatin network, and 
fluid sap. The heterochromatin condensations (karyosomes) and the 
nucleoli may exhibit brownian movement. The nucleoli are enlarged 
in malignant tumor cells. 

There occur two different types of nuclear reaction to various 
changes of the suspension medium. The brilliant type is produced by 
formalin (10 and 100 per cent), alcohol, acetone, acetic acid (5 per 
cent), and by hydrochloric acid. The thickening and the brilliant 
appearance of the cellular membrane caused by some fixatives had 
already been observed by Strangeways and Canti,^ who used darkfield 
illumination, and referred to it as a “definite retractile membrane.” 
M. Lewis,® investigating the action of acids and alkali on tissue 
cultures, succeeded in transforming the brilliant nuclei into normal 
appearing cells by washing them in physiologic saline solution. How- 
ever, restoration to the previous nuclear picture, after the brilliant 
type of change has taken place, was never observed in the experiments 
reported above. 

Under normal conditions, the nuclear membrane, the nucleolus, and, 
to a lesser degree, the chromatin network of living cells seem to be 
a colloid in gel-form, fixed like a jelly on a framework of submicro- 
scopic fibrils. The chemicals mentioned above cause the coagulation or 
precipitation of the colloid (Baker®), with an increase in refractivity 
and definition. The fact that formalin no longer produces the brilliant 
type of nucleus, if the cell has previously been in 0.5 M ammonia, sug- 
gests the dissolution or chemical transformation of this nuclear colloid 
bj’- 0.5 M ammonia. The nuclear material, which becomes brilliant in 
formalin, etc., is not dissolved by molar saline solution, since the addi- 
tion of formalin to cells which have previously been in molar saline 
solution still produces the brilliant type of nucleus. 

The intermediate stage of nuclei, caused by 3 per cent potassium 
bichromate, can be interpreted as an early phase of precipitation, in 
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which the precipitated particles are still separated by fluid. Later on, 
the precipitates agglomerate, shrink, and press the fluid out of their 
meshes. 

The hazy type of nuclei is produced by the action of distilled water, 
molar NaCl, ammonia, NaOH (with a pH higher than 8.3), and two 
surface-active compounds. The fact that the hazy type is completely 
reversible in respect to distilled water indicates that distilled water does 
not dissolve any nuclear compound. It seems likely that the distilled 
water transforms the chromatin by imbibition into a homogenous 
jelly. 

In contrast to the action of distilled water, molar saline solution 
dissolves part of the chromatin and nuclear membrane, because these 
two elements never again show their original structure when molar 
NaCl is replaced by physiologic saline solution. The substance ex- 
tracted by molar saline solution is precipitated by physiologic saline 
solution outside of the cells, and thus becomes visible under the PM 
in the form of very thin, slightly curled fibrils, arranged in loose bun- 
dles (Fig. 23). This observation corresponds with those made by 
Mirsky.”^ Hoerr ® and Mirsky and Pollister ^ also observed the appear- 
ance of a definitely altered network in cells which first had been in 
molar NaCl, and then in physiologic saline solution. They assumed 
that this is due to the dissolution of desoxyribonucleoprotein. More 
recent investigations by Mirsky and Pollister support this opinion. 
The material, determined by them to be desoxjrribonucleoprotein 
seems, therefore, to be located in the chromatin network and the nu- 
clear membrane. Its dissolution on the one hand, and the sol-formation 
of the remaining chromatin on the other, are apparently the reason 
for the hazy type of nuclei in molar NaCl. 

The disappearance of the nucleolus in molar NaCl could indicate 
that it is made of a material which is dissolved by molar NaCl (desoxy- 
ribonucleoprotein), but other compounds must also be important nu- 
cleolar constituents; otherwise, the nucleolus would not partly reappear 
in the same location after the substitution of the molar NaCl by physi- 
ologic saline solution. 

The facts that the nucleolus usually is not stained by the Feulgen 
stain, and that it disappears under the influence of ribonuclease, led 
Mirsky’' to the assumption that ribonucleic acid constitutes part of 
the nucleolus. This assumption is shared by Baker,® Thomas,^’^ and 
Darlington .^2 Koller,® however, concluded from the occasionally posi- 
tive Feulgen reaction that desox5T:ibonucleic acid must be present in 
the nucleolus. Koller and Darlington assumed histone to be another 
constituent of the nucleolus. 

Since molar NaCl is said to dissolve desoxyribonucleoprotein, it is 
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conceivable that this dissolution is the reason for the decrease in nu- 
cleolar size seen after the replacement of molar NaCl by physiologic 
saline solution. The total disappearance of the nucleolus in molar 
NaCl is probably due to the conversion of the remains into a jelly, the 
latter process being reversible. 

The irreversible changes of the nucleus caused by ammonia and other 
alkalies are the result of a dissolution of the heterochromatin and of 
the nucleolus. The two surface-active compounds tested in these 
experiments seem to alter the protective cellular and nuclear mem- 
branes because of their “extraordinarily intrinsic affinity for proteins” 
(Valko^®), thus exposing the nucleoplasm to possibly existing slight 
differences in the pH and osmotic pressure between protoplasm and 
nucleoplasm (see below). 

Generally speaking, acidic solutions, as well as alcohol, acetone, 
and formalin, cause the nuclear proteins to coagulate, whereas strong 
alkalies dissolve them. Besides the pH concentration, the specific ionic 
qualities of the different compounds also play an important role 
(Duryee . 

Mitotic figures are readily visible with the PM, but the chromosomes 
appear slightly thicker than in stained sections. They are surroimded 
by a bright halo, which enlarges greatly when distilled water reaches 
the cells. Such cells show exactly the same structure as do resting cells 
in distilled water, in that there is a large, distinctly outlined, hazy 
“vesicle” in the center. This observation suggests that the nuclear 
membrane is not fully dissolved during the mitotic process. It is con- 
ceivable that the collapse of the nuclear membrane and its decrease 
in thickness during mitosis are due to a migration of a material from 
the nuclear membrane to the invisible chromosome threads, which are 
coated with, and made visible by, this material. The fact that the 
chromosomes reappear when the molar saline solution is replaced by 
physiologic saline solution, although somewhat paler than they were 
before the experiment, indicates that only part of their constituents 
(desoxyribonucleoprotein ?) is dissolved by molar NaCl. 

The numerous fine-grained elements in the protoplasm of mitotic 
cells are considered by Opie as probably identical to microsomes. 
The fact that these particles seem to be stained by Janus green would 
rather indicate that they represent shrunken mitochondria. However, 
this assumption is not at too great a variance with Opie’s opinion, be- 
cause the microsomes can be considered precursors of the mitochon- 
dria." 

The enlargement of mitotic cells is probably due to an increase in 
osmotic pressure of the protoplasm during mitosis. The mitochondria 
and the storage granules shrink as a result of this hypertonicity 
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Summary 

The Structure of resting and dividing nuclei in cells of various types 
has been studied under various experimental conditions. 

Cells exposed to formalin, acids, alcohol, and acetone show a bril- 
liant type of nucleus, i.e., their nuclei are irreversibly shrunken, and 
the nuclear membranes, the nucleoli, and the chromatin network are 
brilliant, bluish, and double-contoured. Before becoming brilliant, the 
nuclei of cells in 3 per cent potassium bichromate exhibit an intermedi- 
ate change: the nucleus contains numerous large, irregular dots, and its 
membrane is slightly thickened, but no nuclear element is brilliant. 

Alkali, molar NaCl, and distilled water produce a hazy type of nu- 
cleus: the nucleoplasm becomes homogenous and hazy gray. This 
alteration is reversible after the action of distilled water, partly re- 
versible after molar NaCl, and irreversible after ammonia. 

The nuclear membrane does not seem to be dissolved during mitosis. 
The very small, black granules in mitotic cells are considered to be 
shrunken mitochondria. 

These findings concerning the chemical and physical structure of 
the nuclear elements have certain implications in relation to the con- 
clusions of other authors. 


REFERENCES 

1. Zollinger, H. U. Cytologic studies -with the phase microscope. I. The forma- 

tion of “blisters” on cells in suspension (potocytosis), with observations 
on the nature of the cellular membrane. Am. J. Path., 1948, 24, 545"Sh7. 

2. Zollinger, H. U. Cytologic studies with the phase microscope. II. The mito- 

chondria and other cytoplasmic constituents under various experimental 
conditions. Am. J. Path., 1948, 24, 569-589. 

3. Roller, P. C. Origin of malignant tumour cells. Nature, London, 1943, 151, 

244-246. 

4. Strangeways, T. S., and Canti, R. G. The living cell in vitro as shown by 

darkground illumination and the changes induced in such cells by fixing 
reagents. Quart. J. Micr. Sc., Lond., 1927-28, 71, 1-14. 

5. Lewis, M. R. Reversible gelation in living ceils. Bull. Johns Hopkins Hosp., ■ 

1923, 34. 373-379- 

6. Baker, J. R. Cytological Technique. Methuen & Co., Ltd., London, 1945- 

7. Mirsky, A. E. Chromosomes and nucleoproteins. Advances Enzymol., 1943, 

3, 1-34- 

8. Hoerr, N. L. Methods of isolation of morphological constituents of the liver 

ceU. Biol. Symposia, 1943, 10, 185-231. 

9. Mirsky, A. E., and Pollister, A. W. Nucleoproteins of cell nuclei. Proc. Nat. 

Acad. Sc., 1942, 28, 344-352. 

10. Mirsky, A. E., and Pollister, A. W. Chromosin, a desoxyribose nucleoprotein 

complex in the cell nucleus. J. Gen. Physiol., 1946-47, 30, 117-148. 

11. Thomas, P. T. Experimental imitation of tumour conditions. Nature, London, 

1945, 156, 738-740. 

12. Darlington, C. D. Chromosome chemistry and gene action. Nature, London, 

1942, 149, 66-69. 



8o6 


ZOLLINGER 


13. Valko, E. I. Surface active agents in biology and medicine. Ann. New York 

Acad. Sc., 1946, 46, 451-478. , , 

14. Duryee, W. R. Permeability of the nuclear membrane evidenced by intra- 

nuclear colloidal changes. Proc. 8th Am. Sc. Congress, 1940, 3, 45. 

15. Opie, E. L. Mobilization of basophile substance (ribonucleic acid) in the 

cytoplasm of liver cells with the production of tumors by butter yellow. 
/. Exper, Med., 1946, 84, 91-106. 


DESCRIPTION OF PLATES 


Plate 129 

Fig. I. V2 carcinoma cell. The large nucleolus, the somewhat smaller karyosomes, 
the chromatin network, and the regular nuclear membrane are readily seen., 
PM. X 1400. 

Fig. 2. Brown-Pearce carcinoma cells. The nuclear elements in the cell on the 
left show a picture similar to that in Figure i ; the cell on the right is in the 
mitotic phase. The chromosomes (slightly out of focus) are surrounded by 
a bright halo. In the protoplasm of the mitotic cell there are numerous very 
small granules. Above the two tumor cells, several erythrocytes are seen. 
PM. X 1400. 

Fig. 3. Kidney cells of the frog in distilled water. The nuclei are hazy and homog- 
enous ; the nucleoli are clearly visible. PM. X 1400. 

Fig. 4. Naked nucleus in a suspension of a breast carcinoma of a mouse. The 
nuclear membrane is double-contoured and brilliant; there is a bright diffrac-. 
tion ring around the nucleus. PM. X 1400. 

Fig. 5. Kidney cells of the frog in molar NaCl; The mitochondria and the storage 
granules are relatively small; the nuclei are swollen and hazy; and the nucleoli 
have disappeared. PM. X 1400. 

Fig. 6. The same cells as shown in Figure 5, just after replacement of the molar 
NaCl by physiologic saline solution. The nucleoplasm is still hazy; the nucle- 
olus of one cell has reappeared. The storage granules and the mitochondria 
are slightly enlarged. PM. X 1400. 

Fig. 7. Granulosa-cell tumor cell, showing a later stage of nuclear change after 
replacement of the molar NaCl by physiologic saline solution (for comparison 
with Figure 6). The rest of the chromatin reappears in the form of a few 
plump, black dots in the center of the nucleus. PM. X 1400. 

Fig. 8. The same field as seen in Figures 5 and 6. The reappearing chromatin dots 
are arranged in ring shape. PM. X 1400. 

Fig. 9. The same cell as shown in Figures 22 and 23 of the first study, ^ 2 minutes 
after ammonia was replaced by. physiologic saline solution. The nuclear mem- 
brane is again visible, whereas the other elements did not change. PM. X 1400. 






Plate 130 

Fig. 10, A Brown-Pearce carcinoma cell before (a), and 20 seconds after (b), re- 
placement of physiologic saline solution of pH 7.0 by an isotonic saline solu- 
tion of pH 10.2. The same changes are present as ^Yere produced by ammonia: 
enlargement and haziness of the nucleus, and swelling of the mitochondria. 
PM. X 1400. 

Fig. II. Kidney cells of the frog in 10 per cent formalin. The nuclear membranes, 
the nucleoli, and the chromatin networks are double-contoured and brilliant. 
The cellular membranes are out of focus. PM. X 1400. 

Fig. 12. Brown-Pearce carcinoma cells after replacement of distilled water b}^ 10 
per cent formalin. The protoplasm has already shrunk, and the nucleolus 
and the chromatin network are beginning to reappear. PM. X 1400. 

Fig. 13. Brown-Pearce carcinoma cells after molar NaCl has been replaced by 
10 per cent formalin, which has just reached the cells. The chromatin re- 
appears, and the granules have shrunk. PM. X 1400. 

Fig. 14. A cell of the same suspension as shown in Figure 13, i minute later. The 
nucleus, the chromatin, and the nucleolus are brilliant; the chromatin network 
is veiy’ loose. There is a marked shrinkage of the protoplasm. PM. X 1400. 

Fig. 15. Kidney cells of the frog in 5 per cent acetic acid. The mitochondria are 
enlarged and the storage granules have disappeared. The nucleus is brilliant, 
and the cellular membrane is no longer visible. PM. X 1400. 

Fig. 16. A rabbit sarcoma cell in 3 per cent potassium bichromate. Strange, irregu- 
lar, black chromatin dots are scattered throughout the nucleoplasm (intermedi- 
ate stage). PM. X 1400. 
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Plate 13 i 

Fig. 17. Brown-Pearce carcinoma cell. Intermediate stage, caused by 3 per cent 
potassium bichromate. PM. X 1400. 

Fig. 18. Brown-Pearce carcinoma cell with mitotic figure. The cell is enlarged; 
around the chromosomes there is a bright space. The cytoplasm contains 
numerous small, black granules and a few storage granules. PM. X 1400. 

Fig. 19. Ljmiphosarcoma of the mouse. These cells are not very useful for PM 
studies because they are too spherical and their bright diffraction ring prevents 
a distinct observation. The cell in the middle is in the telophase. PM. X 1400. 

Fig. 20. Mitotic Brown-Pearce carcinoma cell after substitution of the physiologic 
medium for distilled water. There is visible a distinctly outlined central 
vesicle similar to the hazy type of nucleus in distilled water. The protoplasmic 
granules are enlarged. PM. X 1400. 

Fig. 21. Mitotic Brown-Pearce carcinoma cell in molar NaCl, presenting the same 
picture as shown in Figure 20. PM. X 1400. 

Fig. 22. The same cells as shown in Figure 21, after replacement of the molar 
NaCl by physiologic saline solution. The chromosomes have reappeared, but 
they are rather plump. The perichromosomal halo is larger and more distinct 
than in normal cells. PM. X 1400. 

Fig. 23. Thin, curled fibrils of chromosin, extracted from cells under the coverslip 
by molar NaCl and precipitated by phj’siologic saline solution. PM. X 1400. 
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EXPERIMENTAL ARGYROSIS 

IV. Morphologic Changes in the Experimental Animal * 

Charles T. Olcott, M.D. 

{From the Department of Pathology of Cornell University Medical College and the 
New York Hospital, New York, N.Y,) 

The term argyrosis is used to include all of the changes produced by 
the deposition of silver in tissues rather than argyria, as the latter is 
often limited by usage to pigmentation due to this metal. 

In 1927 it was stated by Gettler, Rhoads, and Weiss ^ that the 
lesions of human argyrosis had never been even approximated in any 
experimental animal. The following experiments are presented to fill 
this void. The present communication reports the morphologic study 
of other organs that has already been begun for the eye.^ 

Microscopic slides from the “blue man,” a case of generalized dep- 
osition of silver with autopsy report by Gettler, Rhoads, and Weiss ^ 
(1927), have been studied with care. In this case, as well as in the 
other 19 cases reported with reasonable completeness, the lesions of 
the kidney are among the most advanced changes found in any organ. 

. Previous Experiments 

Previous experiments in the production of argyrosis have been h'm- 
ited by several factors. The first of these is the method used for intro- 
duction of the silver. I have repeated the experiments of others such as 
Stewart and Parker^ (1926), who found that the results following 
the injection of colloidal silver were essentially similar to those fol- 
lowing injection of any other colloidal substance. There is no evidence 
that this procedure is followed by generalized argyrosis. The most 
serious defect of previous attempts to study pigmentation by silver has 
been the short period of time during which the metal was given the 
experimental animals. Huet,^ in 1873, fed solid silver nitrate to a rat 
for 14 months and found that the eyes became dark, but his study of 
the tissues was inconclusive. 

Experimental Procedure 

f 

I have given silver solutions to guinea-pigs, mice, rabbits, and rats. 
The guinea-pigs did not live long enough to give positive results. This 
is in accord with the observations by Huet^ that this animal is un- 

* Received for publication, July 17, 1947, 


813 



8 14 - OLCOTT 

satisfactory for this purpose. Mice and rabbits tolerated silver solu- 
tions for long periods and the lesions were in general similar to those 
found in rats, but the rat was chosen as the most convenient experi- 
mental animal for intensive study. 

Solutions either of silver nitrate alone or of silver chloride with 
about three times as much sodium thiosulfate as silver salt have been 
used. Various concentrations of these salts were tried. VTien rats 
were given i per cent of the silver salts, they did not survive. Two rats 
were kept alive for over 500 days with no other fluid intake than 0.4 
per cent solutions of silver chloride in sodium thiosulfate, but this 
dosage usually was found to be excessive. In early experiments, silver 
salts also were given in minute amounts but it was soon found that the 
life span of rats was not shortened by giving i : 1000 solutions of either 
of the silver salts without any other fluid and this strength was adopted 
as standard. The solutions were kept in dark bottles from which 
the rats could drink as much as desired. 

Silver solutions were given to about 2 of every 3 animals, usually 
starting shortly after weaning, the other animals being given water to 
serve as controls. Except in a few instances, the silver solutions were 
continued throughout life. In a few rats, silver was stopped and water 
was given subsequently. There was never a recognizable decrease in 
pigmentation following this procedure. 

The rats were given dog chow, as much as desired, with either one 
of the silver solutions or water, and nothing else. This diet has proved 
adequate for life, a large increment in growth, and high reproductivity 
in both sexes. The animals were weighed at intervals of approximately 
2 weeks. The average weights of rats on silver was about the same as 
for control rats on water. There is no evidence that death ever was 
caused or even hastened by the use of silver salts in concentrations of 
1:1000 instead of water. 

Study of Rats During Their Life 

The rats given silver solutions showed no characteristic pigmenta- 
tion of their skin except that caused by accidental contamination. Their 
eyes became progressively darker, apparently due to deposition of 
metallic silver or silver salts in the choroid layer. This was the 
most apparent change during life and has been described elsewhere.” 
A consideration of the weight of the animals and other physiologic 
changes will be postponed until a later date. 

Autopsy Findings in Rats Ingesting Silver 

jSIost of the rats were killed •v^dth ether but a few were examined 
after spontaneous death, which almost always was due to respiratory 
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disease. The following observations are based on a study of slides 
from over 300 rats. 

Fixatmi 

Material fixed in a 10 per cent solution of formaldehyde demonstrates 
silver moderately well. With Kaiserling I solution ° the silver is more 
clearly shown than with plain formaldehyde. Bouin’s fluid has been 
found to be much the best fixative tried. Zenker’s fluid cannot be used 
for staining silver as the necessary removal of the mercuric salt with 
iodine and sodium thiosulfate discharges silver along with it. The re- 
moval of silver and special staining technics will be referred to when 
discussing the histologic features of various organs. 

Skin. The skin showed no changes on macroscopic examination ex- 
cept for the pigment due to accidental contact with solution from the 
water bottles. Microscopically, no pigment was found in the epi- 
dermis, but granules characteristic of silver or silver oxide might be 
found in small numbers in the corium, especially around the sweat 
and sebaceous glands. 

- Tongue. On gross examination the tongue usually was black, as were 
also the teeth. Pigment usually was present on the free surface of the 
horny layer of the tongue, but not in the epidermis itself. It was 
found in the tips of the papillae and along the blood vessels of the 
corium. It also was found between the muscle fibrils in fine strands 
which usually represented the walls of capillaries. 

Salivary Glands. The salivary glands were characteristically very 
black on gross examination. Microscopically, silver might be deposited 
in large amounts. There usually was more silver around the ducts of 
the serous glands than around the acini of either the serous or mucous 
glands. 

Thyroid. The thyroid was regularly gray to black on macroscopic 
study. Granules of silver might be found in such abundance on micro- 
scopic examination as to form an uninterrupted band of brown pig- 
ment in the walls of the capillaries adjacent to the base of the glandu- 
lar cells. The pigmentation disappeared when the slides were treated 
with iodine and thiosulfate. The structure of the thyroid acini usually 
was unchanged (Fig. i). 

Parathyroid. The parath5rroids were the site of deposition of mod- 
erate numbers of granules which usually were arranged along the small 
vessels in such a way as to separate small nests of cells from one an- 
other (Fig. i). 

Lungs. No changes due to ingestion of silver were found in the 
lungs on gross examination. Many microscopic sections have been ex- 
amined but silver never has been satisfactorily demonstrated, perhaps, 
in part at least, because the presence of hematogenous and anthracotic 
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pigment granules renders the interpretation uncertain. Especially in 
old animals, pulmonary changes of all degrees may be present.*^ 

Heart. The heart usually was gray at autopsy. Microscopically, 
granules of silver were deposited chiefly in the walls of small vessels. 
They varied greatly in number, but in rare sections might form mod- 
erately long strands adjacent to the muscle cells. These strands ap- 
peared to represent the walls of the capillaries. There was frequently 
a definite hjqjertrophy of the left ventricle of rats that had ingested 
much silver for long periods. 

Blood Vessels. A few granules of silver sometimes were present in 
the adventitia of the aorta. 

Lymph Nodes. Some cervical and axillary lymph nodes appeared 
black on macroscopic examination. Microscopically, these nodes con- 
tained very few pigment-containing histiocytes. The reticular network 
at the base of the cells lining the sinuses of the nodes might be the site 
of deposition of fine brown granules. In the nodes of the mediastinum 
and pericardium the same reticular pattern was seen, but they con- 
tained many more almost black histiocytes than the nodes previously 
described. In the intra-abdominal nodes, pigmentation of both types was 
stiU more advanced and extremely large masses of very large and very 
black histiocytes might be seen. 

When lymph nodes from rats that received water were stained with 
Foot and Foot’s stain,'^ the capsules were dark. There was a little fine 
.reticulum in the secondary follicles with much coarser fibrils in the 
sinuses, especially around the blood vessels. Similar, but less clearly 
defined results were obtained in tissues from animals given water 
when such tissues were stained with stronger solutions of silver nitrate 
and carbonate (“platafuerte”) than required for the usual del Rio- 
Hortega’s method ® for microglia and oligodendroglia. Dr. N. C. Foot 
has examined some of my slides and believes that the fine granules 
of silver deposited on the reticular fibers in the nodes of rats ingesting 
silver present a different picture than that in silver-stained tissues from 
rats receiving water. In the former he postulates a physical adhesion of 
the granules to the fibers while in the latter he thinks the slides indicate 
a definite chemical combination. 

Liver. The liver was slightly dark on gross examination but showed 
no other definite changes. Under the microscope, however, it showed 
changes practically as characteristic and advanced as those found in 
the kidneys. In fact, in rare animals there was pigment in the liver 
and none in the kidneys. Pigment was found in varying amounts in 
Kupffer cells, and, as the bulk of this pigment could be decolorized with 
iodine and thiosulfate, it was clear that most of it was silver. Histio- 
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cytes in the portal canals might be similarly pigmented. The earliest 
and most constant finding was the presence of brown pigmentation 
interspersed with black spots that involved the entire thickness of the 
portal veins. The hepatic veins also were stained with silver but to a 
lesser degree than the portal veins. The parenchyma was not signifi- 
cantly changed by giving silver. Advanced congestion was no more 
common in treated than in control animals (Fig. 2). 

Slides from control rats receiving water which were stained with 
Foot and Foot’s stain showed a diffuse reticulum throughout the liver. 
These strands were long and narrow and bore no resemblance to 
Kupffer cells. The walls of the portal veins had the red color charac- 
teristic of collagen rather than the black color of reticulum. It would 
appear from this staining reaction and confirmation with Mallory’s 
connective tissue stain that the deep pigmentation of the portal veins of 
the rats ingesting silver was due largely to deposition of silver around 
collagenous fibers. Wilder’s stain ® also showed an extensive reticular 
network. Slides from rats receiving only water stained for microglia 
showed a few Kupffer cells of characteristic structure but no staining of 
the reticulum. 

Pancreas. The pancreas was one of the most deeply pigmented parts 
of the body. Whereas the mesentery except for the nodes was wholly 
unstained, the pancreas was gray to black. Microscopically, pigment 
that could be decolorized by iodine and thiosulfate was regularly found 
in the connective tissue around the medium-sized ducts, through the 
entire wall of the veins, and in the adventitia and between the muscle 
cells of the arteries. In no other organ were the walls of the arteries 
stained so clearly. There were varying amounts of pigment around 
the acini, but rarely any pigment in the acini themselves. The small 
arteries of the islands of Langerhans were often deeply pigmented. 
In one rat, coarse, fibrous, pigmented strands were found to traverse 
the pancreas. This was considered an accidental finding. 

The urine of a moderate number of rats on silver was tested for 
sugar but always with negative results. 

Gastrointestinal Tract. When the peritoneal cavity of a rat that 
had received much silver was explored, the cardiac end of the stomach 
had a normal color but the pyloric portion and all of the intestines 
might be very dark. When the stomach was opened, the mucosa of the 
pylorus usually was dark, but there was no discoloration at the cardiac 
end. Microscopically, there was rarely any pigment on the surface of 
the squamous epithelium of the esophagus or of the cardiac portion of 
the stomach, but there might be a very little pigment in the papillae 
under the epithelium. It was the rule for the free surface of the 
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glandular epithelium to be covered by a thin row of granules that could 
be decolorized by iodine and thiosulfate. This pigment usually sur- 
rounded the most superficial epithelial cells and there might be a 
very few fine granules, especially in the wall of the small blood ves- 
sels, between the deeper epithelial cells. In rare sections, there might 
be a solid row of dark granules between the mucosa and the submucosa 
and aroimd the larger veins. The mucosa of the intestine was often 
moderately pigmented on gross examination. On microscopic exam- 
ination of the small intestines there might be a continuous line of pig- 
ment directly under the superficial epithelium of the papillae. It was 
the rule to find large amounts of pigment within histiocytes in the 
papillae and smaller clumps of pigment in the submucosa. Many 
fine granules might be present in the walls of the smaller and larger 
blood vessels. In the cecum and in the rest of the large intestine there 
usually were many pigment-containing histioc3d;es in the tissue be- 
tween the mucosal crypts. Pigment might be deposited in fine 
granules under the epithelium. It might be found in moderate to large 
amounts in all layers of the walls of the arteries and .veins. 

Spleen. No definite change was present in the spleen on macro- 
scopic examination. Microscopic examination showed that silver often 
was deposited in moderate amoimts as fine granules in the inner 
layer of the capsular tissue and in larger amounts in the trabeculae. 
No definite perivascular arrangement could be established. These 
granules were decolorized with iodine and thiosulfate and clearly 
were silver. In parts of the spleens of some rats a fine network com- 
posed of granules surrounded each cell. This network was especially 
evident in the outer zone of the malpighian bodies and the pigment 
could be removed with iodine and thiosulfate (Fig. 3). 

Sections from a rat receiving water, when stained with Wilder’s 
technic,^ showed similar staining of the reticulum of the pulp and 
of the trabeculae. Sections from a rat receiving water, when stained 
with Foot and Foot’s technic,' showed the same reticulum but it 
was somewhat less clearly defined. It was similar to that found in 
the spleen of man.^° Similar but even less clearly defined staining 
of the reticulum may be obtained with the technic for microglia 
and oligodendroglia (“platafuerte”). Pigment of an entirely differ- 
ent type was found in the phagocytic cells of the splenic pulp of animals 
receiving water as well as of those receiving silver. This was not de- 
colorized with iodine and thiosulfate but was stained by Pearl’s re- 
action for iron, and it was clearly of hematogenous origin. In these 
respects it was in contrast to the pigment of the Kupffer cells of the 
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Adrenal Glands. The adrenal glands were slightly darker in ani- 
mals receiving much silver than in the controls, but were never as 
black as the thyroid and pancreas. On microscopic examination, there 
might be moderate numbers of granules in the zone that included the 
inner part of the capsules and the peripheral part of the cortex, 
with only a very few granules in other parts of the cortex. The 
groups of cells in the medulla were surrounded regularly by brown 
strands often containing a practically continuous line of granules. 
The granules were found chiefly, perhaps exclusively, in the walls 
of the blood vessels, where they were characteristically deposited 
just under the endothelium. They could be decolorized with iodine 
and thiosulfate. When tissues from the adrenals of rats receiving 
water were stained with Mallory’s or Masson’s technics, the charac- 
teristic tinctorial reactions for collagen were seen most clearly in the 
capsules and in tlie tissue between the groups of cells of the medulla. 
Collagen thus was demonstrated in the same locations as was the 
greatest amount of silver in the spleens of rats ingesting silver (Fig. 
4 )- 

Testis. The testes of animals receiving silver were unchanged. 
Even when the rats had been given large amounts of the metal, none 
was demonstrated in the testis, but there might be very few fine 
granules in the seminal vesicles. The ingestion of silver did not modify 
the appearance of the spermatozoa, and male rats receiving silver showed 
no diminution of fertility. 

Uterus and Ovary. In the uterus, very small amounts of silver in 
characteristic granular form might be found in the walls of the ar- 
teries and in the stroma. Almost all of the pigment in the stroma 
of the ovary was of hematogenous origin and stained for iron. Fe- 
male rats receiving silver showed no definite loss of fertility. 

Bone Marrow. In an occasional section of the bone marrow there 
were a few black granules. These might represent silver, but the 
possibility that even these granules represented hematogenous pig- 
ment could not be ruled out. The marrow of animals on silver and 
on water appeared the same. 

Joints. Granules characteristic of silver were not found in the carti- 
lage or the synovial membrane. 

Striated Muscle. There were a few fine granules between the 
strands of striated muscle. This pigmentation was minimal and was 
clearly defined only in the walls of the fine capillaries between the 
strands of muscle. 

Brain. Granules of silver never were recognized in the brain tissue 
or in the vessels of the brain itself. There was regularly, however, 
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an abundant deposition of granules in the choroid plexus, which 
might form an almost unbroken line between the endothelium of 
the blood vessel and the overlying ependyma. This pigment was 
rendered colorless by iodine and sodium thiosulfate. The ependymal 
cells were never stained. Rarely, there were a few granules in the 
intima of the veins of Galen. Small vessels in the pineal gland con- 
tained granules resembling silver in all respects. When the choroid 
plexus of a rat receiving only water was stained by Foot and Foot s 
technic, ^ there was a solid black line in the walls of the fine blood 
vessels. 

Pituitary Body. In rats receiving much silver, the fine blood vessels 
of the pars nervosa of the pituitary body were regularly yellow to 
brown with darker granules in their walls, especially just under the 
endothelium. The walls of the blood vessels of the pars distalis were 
much less frequently pigmented; when they were, they contained 
fewer granules than did the pars nervosa. 

Bladder. The bladder showed no pigment in the epithelium, but 
just beneath the epithelium there might be a continuqus line of pig- 
ment granules. In the fibromuscular layer, separate fine granules 
often were found along fibrillary structures with a few clumps of 
granules in cells, some of which were histiocytes. 

Kidney. On gross examination of rats that had received silver, the 
kidneys often were very dark. It was common to find still darker 
spots which represented the glomeruli when the animal had received 
much silver. The epithelium of the pelvis was not stained. In the 
experimental animal, as in man, the kidney was usually the most 
advanced site of deposition of silver pigment. Silver was deposited 
in the basement membrane of the glomerular tuft, which might be 
pigmented to any degree from light yellow to almost solid black. The 
membrane appeared more sharply delimited than with any method 
of staining that I have seen. Lesser amounts of pigment were found 
in the basement membrane of the collecting tubules or in the wall 
of the small blood vessels between the tubules. There might be, in 
rats receiving much silver, a complete line of pigment surrounding 
the tubules. The deposition of silver adjacent to the basement mem- 
brane of the convoluted tubules in the rat was usually more spotty, 
the membrane of some tubules being uniformly pigmented, while in 
other tubules it remained practically unstained. Sometimes, more 
pigment was present around the distal than around the proximal con- 
voluted tubules. In other slides, there appeared to be more staining 
of the membranes of the inner third of the cortex (the subcortical 
zone) than in the outer two-thirds of the cortex. In rabbits, the 
deposition was similar to that in rats. In mice, it was similar except 
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that there tended to be more pigmentation of the basement mem- 
branes of the convoluted than of the collecting tubules. 

The density of pigmentation of the glomerular basement membrane 
was, in general, directly related to the duration of ingestion of the 
silver salts, and to the amount of salt ingested, but there was no 
close correlation (Figs. 5 and 6). 

Special stains were made on sections of the kidneys of rats re- 
ceiving water only and also of rats receiving silver solutions. In the 
latter group, staining was done on tissues with and without previous 
bleaching with iodine and sodium thiosulfate. Mallory’s connective 
tissue stain, preferably with tissue fixed in Zenker’s solution and 
acetic acid, showed that the two areas where silver was deposited in 
greatest amount in the kidneys of rats ingesting large amounts of 
silver appeared to be made up of collagen closely associated with, 
if not actually forming, vascular walls. In 2 rats that had ingested 
large amounts of silver, the glomerular basement membrane was 
heavily pigmented with silver. After this pigment was removed with 
iodine and thiosulfate, the tissue was stained by Mallory’s technic 
and the basement membrane was found to be definitely thicker than 
in the kidneys of rats that had received only water. 

The glomerular membrane of rats given only water to drink was 
not stained continuously with Foot’s modification of Bielschowsky’s 
method, or by Foot and Foot’s method 3B,'^ although with the latter 
technic there might be a very few fine strands between the glo- 
merular tufts. With del Rio-Hortega’s lithium carbonate method 
the basement membrane was not stained, but it was stained by 
Wilder’s method.^ All of the silver methods cited demonstrated a 
network of reticulum fibers, apparently around the fine vessels be- 
tween the tubules, which was more fibrillar than the smooth base- 
ment membrane found in the otherwise unstained tissues of animals 
ingesting silver for long periods of time. 

The decolorization or removal of silver from the organs of the 
experimental animal by various agents is a matter of some interest. 
Gram’s iodine alone (I used iodine, i; potassium iodide, 2; water to 
100) caused only a small amount of bleaching of the deposited silver. 
Sodium thiosulfate alone had no effect. Gram’s iodine followed by 
sodium thiosulfate regularly bleached the silver. The residiura is 
colorless but has some doubly refractive qualities. The color can 
be made to return by the use of a photographic developer. In other 
words, the above treatment seems to form a latent or “leuko-product” 
rather than to dissolve the silver. Following the use of potassium 
cyanide, the developer does not cause return of pigmentation and it 
is postulated that in this case the process is true solution. Treat- 
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ment with nitric, hydrochloric, or sulfuric acids, ammonium hy- 
droxide, sodium carbonate, mercuric chloride, or potassium ferri- 
cyanide caused no change of appearance of the silver. Most of the 
above tests have been made on tissues fixed with Bouin’s fluid, some 
also oh tissues fixed with formalin. The above chemicals were used 
in about 5 per cent concentration for several hours. 

An attempt to remove silver by a method described by Mallory 
and Wright has been unsuccessful. They did not indicate the 
strength of solution to be used. When slides from one of my rats 
were kept in a mixture of equal parts of i per cent potassium ferri- 
cyanide and i per cent sodium hyposulfite for 36 hours, there was 
no apparent bleaching of the pigment. Our unsuccessful attempt to 

remove silver from the tissues of living rats has been reported else- 
where.i^ 


In a number of rats, largely males, that received silver there have 
been from small to large amounts of albuminous material in the con- 
voluted and coUecting tubules. This condition was found also in 
animals given only water and appeared to be correlated more closely 
mth the age of the rat than with whether they had received silver. 
The maximum amount of dilatation of tubules by albuminous ma- 
erial has been found in “reduced” kidneys (operations by Dr. WiUiam 
Dock) of animals receiving either silver or water; that is, in animals 

m which one kidney was removed and parts of the other injured with 
heavy clamps. 


JDiscussion 

Entrance of Silver info the Body 

A study of microscopic sections gave no evidence of absorption of 

Tmlt 7®? r 0“ »aer hand, the large 

amount of stiver found in the villi of the small intestine indicated 

7L7 ”7 “ 7“ of “trance of silver into the 

silve Tie possibility was strengthened by the fact that the 

SntZZ"^ A ""7 “ °f ‘*'0 than in the smaU 

Previous y noted, there was very much more silver in 

‘ “‘"^■*‘^*”“31 lymph nodes than in the 

TrZ 7 *0 There was no evidence to in- 

thm “’O circulation of the rat principally 

tiiat it 7” ^htough the lymphatics, but it is probable 

that It enters through both channels. 


Removal of Silver from the Body 

'^nd silver in the basement membrane of the glomeruli 

fata 7 -17 of *0 bladder gave only a 

•suggestion of possible excretion of silver through the urinary 
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tract. I did not find recognizable amounts of silver in the urines of a 
number of rats which I tested for silver. In human cases of argyria, 
silver has been found by spectroscopic analysis of the urine by Blum- 
berg and Carey but was not found in the urine by ordinary chemi- 
cal analysis by Aub and Fairhall,^^ or in the large bladder stone re- 
ported by Klinck and later referred to by Jacobsen 

Nature of Silver in the Rats 

The nature of the fine black granules described in the various 
organs is uncertain but there appears to be no way in which they are 
incompatible with either metallic silver or silver oxide. 

Site of Deposition of Silver 

There are certain locations in which silver is regularly found in 
the experimental animal: 

(1) In histiocytes of lymph nodes and liver. As previously noted, 
the phagocytes of the lymph nodes may be uniformly black. This 
pigmentation is most advanced in the abdominal nodes, next most 
advanced in the mediastinal and pericardial nodes, and much less 
evident in the cervical and axillary nodes. It is present in the Kupf- 
fer cells and in the phagocytes of the portal canals of the liver, but 
apparently absent in the histiocytes of the spleen. The histiocytes 
which contain pigment are characteristically much blacker than the 
stained reticulum fibers. In fact, the two types of cells are moderately 
sharply differentiated by their reaction to ingested silver. 

(2) In association with the reticulum fibrils of the sinuses of the 
lymph nodes and the periphery of the malpighian bodies of the spleen. 
In pigmentation of this type, the reticulum shows tinctorial reactions 
which are in general very close to those found when silver is used 
as a stain on sections from control animals receiving only water. The 
results have not indicated any predilection for staining of elastic fib- 
rils in the rats ingesting silver, as is reported by many authors in 
human material. 

(3) In close approximation to the blood vessels. This deposition 
is especially evident in the tissue between the endothelium and epi- 
thelium of the th3T:oid, choroid of the brain, and the glomeruli and 
tubules of the kidney. It is also found near or in fine blood vessels 
in such different organs as the pancreas, adrenal medulla, pars nervosa 
of the pituitary body, choroid of the eye, and in striated muscles. 

The staining of the basement membrane of the renal tubules and 
the fine vessels between the tubules is more uniform in animals in- 
gesting silver than in the tissue of animals receiving water after they 
have been stained with Foot and Foot’s stain. In fact, with the latter 
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the tissue between the tubules resembles a network of reticulum fib- 
rils more than it does a homogeneous membrane. 

The most striking variation in staining is found in the glomeruli. 
Animals ingesting much silver show an advanced uniform staining 
of the glomerular basement membrane, whereas the structure is only 
rarely stained with various silver technics. Very few authors have 
stained the basement membrane of the glomerulus with any silver 
method. Clara found that the membrane was stained by Pap’s but 
not by either Bielschowsky-Maresch’s or del Rio-Hortega’s technics. 
Wilbur found that the glomerular membrane was not impregnated 
by Orlandi’s silver technic. Bensley and Bensley^^ stated that the 
basement membrane of the glomerulus was not stained with silver. 
As previously noted, Wilder’s technic does give a good staining re- 
action with the basement membrane of the glomerulus. 

Conditions are almost exactly reversed with respect to' the pe- 
ripheral part of Bowman’s capsule. In the rats ingesting silver this 
structure was not stained. Wilbur, using Orlandi’s silver technic, 
found no impregnation in the thin inner layer of Bowman’s capsule, 
but did report impregnation in its thick outer layer. Most of the 
usual silver technics readily stain at least the major part of Bow- 
man’s capsule. 

Silver pigmentation has never been demonstrated in any epi- 
thelium of the rat. This is in accordance with the findings in man. 

Comparison of Lesions Due to Silver in the Rat and in Man 

Unless otherwise noted, the human lesions to be referred to are 
from the description by Gettler, Rhoads, and Weiss, ^ 1927. 

In the rat and man the epithelium of the skin is unpigmented, while 
pigment is deposited in both species around the sweat and sebaceous 
glands.^® Silver has been described in the human thyroid by Jahn 
and Dohi,”'^ among others. I have found no reference to the deposi- 
tion of silver in human parathyroids. Silver was demonstrated by 
Gettler, Rhoads, and Weiss along connective tissue fibrils in the lungs 
and under the pleural mesothelium, but I have never been sure of it 
in the rat. The slate-gray color and microscopic picture in the heart 
are essentially the same in the rat and in man. I found no silver in 
the intima or media of the rat’s aorta although it has been found 
in man. The findings in the rat’s liver are essentially the same as 
in man except that there is undoubted silver in the Kupffer cells of 
the rat, while it is absent from these cells in the cases described by 
Gettler, Rhoads, and Weiss,^ and by Klinck.*® In both species in- 
tense pigmentation of the pancreas is recognizable on gross and micro- 
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scopic examination, and the same pigmentation is found also in the 
gastrointestinal tract. In man and in the rat, silver is often deposited 
in the spleen and in various lymph nodes. Tobler described silver 
in the human adrenal, but I have found no reference to the selective 
localization in the medulla that is shown so clearly in rats. Silver is 
present in the striated muscles of the rat as well as in man. The most 
notable difference between the tissues in man and the rat is the 
complete lack of deposition of silver in the testis of the latter. The 
deposition in the choroid plexus of the brain in both species is prac- 
tically identical. My rats have never shown any recognizable silver 
in the walls of the vessels of the brain and meninges, whereas much 
pigment has been described in this location in man. In the rat, as 
in man, silver is present in the submucosa of the bladder. The most 
advanced deposition of silver in the internal organs of the two species 
is that found in the kidneys, especially in the basement membranes 
of the glomeruli. 

Summary and Comment 

When rats are given a iiiooo solution of silver nitrate or i:iooo 
silver chloride dissolved in about 1:300 sodium thiosulfate for long 
periods, there is intense pigmentation of many of the tissues. This 
pigmentation is most advanced in the basement membrane of the 
glomeruli, the walls of the vessels between the tubules of the kidney, 
the portal vein and other parts of the liver, the choroid plexus of 
the brain, and the choroid layer of the eye, and in the thyroid gland, 
but it is found in most of the body tissues. 

The ingestion of silver salts in this concentration is unaccompanied 
. by any lethal effect in the experimental animals, but a definite hyper- 
trophy of the left ventricle frequently has been found in rats that 
had received much silver for long periods. Data with respect to this 
finding will be presented later. 
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DESCRIPTION OF PLATES 


Plate 132 

Fig. I. Thjnroid and parathyroid from a female rat, 22 months old, that received 
13-3 gro- of silver nitrate in 615 days. The black pigment around the thyroid 
epithelium and in the "walls of the small vessels of the parathyroid is silver. 
The pigmentation in the thyroid was rated as 3 plus. Hematoxylin and eosin 
stain. X 150. 

Fig. 2. Portal canal in the liver of a female rat, 26 months old, that received 
17.2 gm. of silver nitrate in 757 days. The large structure below the center 
of the field is a portal vein "with silver pigment throughout the entire thick- 
ness of its wan. Above this is seen the reticular network around two bile ducts 
and two large histiocytes "with ingested sUver pigment. A hepatic artery, is 
shovm in the upper left comer. The black spots in the structure of the liver 
lobules are almost all Kupffer ceUs. The pigmentation of the portal vein was 
rated as 3 plus. The tissue is unstained except for the picric acid of the 
Bouin’s fluid used in the fi:xation. X 300. 
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Plate 133 

Fig. 3. Spleen from the same rat as used for Figure 2. This section was unstained 
except by the ingested silver. The clear structure in the center of the field is 
a malpighian body, and the surrounding argyrophilic reticulum is clearly shown. 
Most of the pigment in the splenic pulp is of hematogenous origin. The 
splenic pigmentation was rated as 2 plus. X 300. 

Fig. 4. Unstained section of the adrenal of the rat from which Figures 2 and 3 were 
made. The pigmentation in the capsule and the reticulum around the groups 
of cells in the medulla can be seen readily, with only scant pigment in the 
cortex. The pigmentation of the adrenal medulla was rated as 3 plus. X 55. 
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Plate 134 

Fig. 5. Renal glomerulus of a male rat, 29 months old, that received 22.5 gm. of 
silver chloride in three times as much sodium thiosulfate for 733 days. This 
glomerulus vas selected for photography because the presence of more than 
the usual number of blood cells in the glomerular capillaries made the glomeru- 
lar basement membrane more evident than if the capillaries had been empty. 
In most kidneys from rats with as much silver deposition as this one (4 plus), 
the glomeruli are almost solid black. Hematoxylin and eosin stain. X 600. 

Fig. 6. Renal glomerulus from a male rat, 18 months old, that received 12.9 gm. 
of silver nitrate in 51 1 days. The pigmentation due to silver is advanced 
(3 plus) in the glomerular basement membrane, but there is none in the pari- 
etal layer of Bowman’s capsule. Hematoxylin and eosin stain. X 600. 
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OBSERVATIONS IN GUINEA-PIGS FOLLOWING INJECTION OF 
SPECIFIC HEMATOPOIETIC SUBSTANCES DERIVED 
FROM BEEF LIVER * 

Leo M. Meyer, M.D., and Arthur Sawitsky, M.D.t 

{From the Department of Therapeutics, New York University, 

College of Medicine, New York, N.Y.) 

In 1906 Ziegler ^ studied the effect of x-radiation on a variety of 
animals and concluded, as quoted by Piney: “Myeloid leukemia is, 
therefore, the expression of peculiar hyperplastic processes in myeloid 
tissue, arising on account of a disturbance of the normal relationship 
between the lymphatic and the myeloid apparatus. This leads to 
myeloid metaplasia of the spleen and to flooding of the blood with 
myeloid cells.” In 1933 Hubble,^ in England, reviewed the hema- 
tologic findings associated with various endocrine disorders and re- 
iterated Naegeli’s theory that hematologic disorders were directly 
related to endocrine dysfunction. The work of Murphy and Sturm,^’^ 
Dougherty and White,® Gardner and Dougherty,® Furth and his co- 
workers,'^’® and others lends support to the role of the hormones in 
the p'roduction of leukemia in the experimental animal. In 1936 Wise- 
man, Doan, and Erf ® pointed out an apparent physiologic reciprocal 
relationship of myeloid and lymphoid tissue, i.e., hyperplasia of one 
system resulted in h3q3oplasia of the other. In a series of experi- 
ments with rabbits these authors demonstrated that nucleic acid 
derivatives stimulated myelopoiesis with myeloid metaplasia of the 
spleen and kidney, h5rperplasia of the bone marrow, and an increased 
delivery of granulocytic cells into the peripheral blood. With this in- 
creased myeloid stimulation, lymphopoiesis was reduced. In another 
series of experiments they demonstrated that native proteins, i.e., egg 
albumen and horse serum, stimulated lymphopoiesis and h3T)erplasia 
of lymphoid tissue in the lymph nodes and spleen. The bone marrow 
became hypoplastic. Large numbers of eosinophils and plasma cells 
were noted in the lymph nodes and bone marrow. An absolute 
lymphocytosis and a concomitant fall in myeloid elements were noted 
in the peripheral blood. 

Cooke,^® in 1938, reported ii cases of acute leukemia treated with 
beef bone-marrow extract. Four patients showed temporary clinical 
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and hematologic remission, 6 showed clinical and hematologic arrest 
of a previously progressive course, and in 2, lymph nodes and spleen, 
decreased in size. The bone-marrow extract was given on the hypoth- 
esis that acute leukemia is an acquired defect in normal marrow 
function characterized by the inactivation or destruction of one of 
the normal factors in hematopoiesis. Cooke suggested that the pro- 
liferation of immature marrow elements may be secondary^ to a 
maturation deifect or to exhaustion of a normal inhibiting factor or 
mechanism. 

In 1939 Miller, Wearn, and Heinle reported myeloid meta- 
plasia and reticulo-endothelial stimulation in organs of guinea-pigs 
injected with an extract made from the urine of patients with myeloid 
leukemia. Following this. Miller and Turner published numerous 
reports of urinary extracts made from both myeloid and lymphoid 
leukemic patients, elaborating on the type reactions observed and the 
physical and chemical properties of the factors involved. The lymph- 
oid stimulating substance, a carbinol, was called ‘‘‘lymphokentric acid” 
and the myeloid stimulating factor, a noncarbinol, “myelokentric 
acid.” The two factors were claimed to be oxidation and reduction 
compounds of each other. The lesions produced in the “myeloid” 
animals were myeloid metaplasia of the spleen, myelopoiesis of the 
bone marrow, and proliferation of immature myeloid elements in the 
liver and adrenals. The lungs, kidneys, and lymph nodes were less 
frequently affected. The “lymphoid” animals exhibited h5q)erplasia 
of the lymphoid elements in the nodes and spleen, and proliferation 
of lymphocytes in the liver, kidney, and lungs. The adrenal medulla 
was involved less frequently. Bone-marrow effect was not mentioned. 

In 1942 Heinle, Wearn, Weir, and Rose^^ reported the production 
of myeloid h3rperplasia and metaplasia induced in guinea-pigs by ex- 
tracts of urine from patients with myelogenous leukemia. They were 
unable to detect any difference between results obtained by the in- 
jection of extracts from patients with lymphoid leukemia and those 
of normal subjects. Heinle and his group believed that the mye- 
loid factor is probably a protein or glycoprotein. 

In 1943 Turner and Miller^® reported the presence of similar 
factors extracted from normal beef liver. Erf, Turner, and Miller,"'’ 
in 1946, reported the production of “myeloid reactions,” “lymphoid 
reactions,” “Hodgkin’s reactions,” and “slight lymphoid or mono- 
cytoid reactions” from lipoid extracts of human liver, spleen, and 
lymph nodes from cases of myeloid leukemia, lymphoid leukemia, 
Hodgkin’s disease, and “normal” organs, respectively. Erf,"^’ in 1947? 
injected lipoid extract of “myeloid leukemic placenta” into guinea- 
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pigs and noted myeloid cell infiltrations in the liver, kidneys, and 
spleen. The bone marrow was hyperplastic. Normal placental ex- 
tract produced no effect. 

Miller and Turner hypothesized two related substances in the 
blood, mutually reciprocal in action. The myeloid substance stimu- 
lates myelopoiesis without maturation, and inhibits lymphoid proli- 
feration, allowing lymphocytic maturation. Myeloid maturation is 
brought about by the inhibitory action on myelopoiesis by the lymph- 
oid substance. Normally, the two substances are in balance, but 
altered relationship of myeloid to lymphoid substance or lymphoid to 
myeloid substance underlies the leukemic state. 

In 1940 Jones, Miller, and Hause^’^ reported the treatment of 2 
patients with subacute hypocytic lymphoblastic leukemia who were 
given daily injections of myeloid urine extracts and who were ob- 
served to have clinical, hematologic, and bone-marrow remissions 
for short periods. Wearn, in discussing this paper, stated that his 
group had attempted the same experiment, but could not confirm the 
findings. Miller, Herbut, and Jones, in 1947, reported the use of 
crude “myelokentric acid” in the treatment of 8 cases of lympho- 
blastic leukemia. Thirteen partial clinical, hematologic, and bone- 
marrow remissions occurred following the use of the extract. 

The implications of the above work and the therapeutic possi- 
bilities raised prompted us to study the problem. This report is con- 
cerned with the results obtained by the injection into guinea-pigs of 
extracts prepared from normal beef liver. 

Materials and Methods 

Forty-nine guinea-pigs, 44 males and 5 females, were studied. The 
majority were young, ranging in weight from 200 to 400 gm. Oc- 
casionally, older animals up to 700 gm. were used. No attempt was 
made to secure a uniform strain. All animals were standardized to 
the laboratory environment and diet for a minimum of i week before 
the start of the experiment. Peripheral blood counts were made be- 
fore the first injection and at least once a week during the course 
of the experiment. Animals were weighed at these times. The labora- 
tory diet consisted of purina rabbit chow (in pellet form), greens, 
and water ad libitum. Animals were sacrificed by the intracardiac 
injection of 10 to 20 cc. of air. Body weights and wet weights of liver 
and spleen were recorded. Imprints of the cervical node, spleen, and 
bone marrow were taken routinely and stained with Wright’s stain. 
Microscopic study included sections of the cervical nodes, thymus, 
axillary nodes when enlarged, lungs, heart, liver, spleen, adrenals. 
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kidneys, testes or ovaries, mesenteric nodes when enlarged, femoral 
and vertebral (lumbar) bone marrow, and tissue from the sites of 
injection. Hematoxylin and eosin stains were used routinely. Con- 
trol animals were included with each series of animals tested. 

Extracts of beef liver were prepared in the following manner. Dried 
beef hver was extracted with ethanol. The ethanol extract was con- 
centrated, saponified, and extracted with ether to remove neutral 
materials. The alkaline solution was saturated with carbon dioxide 
and extracted with ether to remove phenolic materials, then acidified 
with hydrochloric acid and re-extracted with ether. The ether extract 
was evaporated to dryness and extracted with petroleum ether. The 
petroleum ether extract was extracted with methanol to remove ben- 
zoic niaterials and made into lead salts in hot alcoholic solution, which 
was then filtered. The alcohol insoluble lead salts were extracted with 
ether to remove ether-soluble salts. The ether insoluble lead salts 
were regenerated to acid form, dissolved in acetone, and kept at 
— 2o°C. for crystallization. The solution was then filtered to remove 
crystals of palmitic and/or stearic acids. The filtrate was concen- 
trated and separated by succination into carbinols and noncarbinols. 
The B-acids fraction was the final filtrate before succinate separation. 
Each of the three fractions was suspended in cottonseed oil in the 
following manner: i cc. of B-acids extract suspension contained the 
equivalent of 435 gm. of original liver. One cc. of carbinol suspension 
contained the equivalent of 8,220 gm. of original liver. One cc. of 
noncarbinol suspension contained the equivalent of 591 gm. of liver. 

Injections were made into alternate thigh muscles of the animals. 
The single dosages varied, and in most instances injections were given 
every second or third day. One series of animals was injected daily. 
Control animals received injections of the cottonseed oil. 

Description of Pathologic Changes 
B-Acids {Hodgkin’ s-like) Reaction 

In general, the reactions to B-acids observed in these animals were 
not striking. The gross pathologic changes were limited to the site of 
injection where the involved muscle was indurated and somewhat 
necrotic. Microscopically, tlie lesions consisted of foci of polymor- 
phous and monocytoid cells with reticulum h3q3erplasia and var3dng 
numbers of eosinophils. No giant cells were, noted. In some areas 
fibroblasts and fibrous tissue were seen in and about these lesions. In 
the cervical nodes, the lesion usually was confined to the pulp; in 2 
animals, monocytoid cells in’ the centers of follicles were noted. In 
the liver, the lesions were periportal (Fig. 1). The splenic pulp was 
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most "commonly involved. Myeloid hyperplasia of the bone marrow 
with many megakaryocytes was a frequent finding. The site of injec- 
tion showed evidence of mild necrosis of muscle with little cellular 
infiltration and moderate fibrous reaction. 

Carbinol {Lymphoid)' Reaction 

Gross examination of the animals injected with the carbinol fraction 
revealed enlargement of the cervical nodes and occasionally concoihi- 
tant enlargement of the axillary and mesenteric lymph nodes. Only 
one animal in this series showed enlargement of the spleen. The lungs 
presented a white patchy or nodular appearance. The bone marrow 
was not remarkable. The muscles of the thigh were indurated and on 
cut section showed small areas of necrosis. Microscopic examination 
disclosed hyperplasia of the lymphoid elements of the cervical node 
and spleen (Fig. 2). In our work, capsular invasion was observed in 
only 2 animals. Periportal and, at times, intrasinusoidal foci of round 
cells were noted in the liver. Increased lymphoid tissue was present 
in the lungs. The kidneys frequently were involved, with intertubular 
round cell infiltration of the cortex and occasional lymphocytic foci 
in the submucosa of the pelvis. Foci of round cells in and about the 
medulla of the adrenal were seen but, in general, adrenal involvement 
was less common than in the noncarbinol-treated animals. The bone 
unarrow was involved only infrequently. Injection sites revealed very 
little reaction to the extract. There was some necrosis of muscle fibers 
and fibrous tissue reaction. Cellular infiltration was almost completely 
lacking. 

Noncarbinol {Myeloid) Reaction 

In animals injected with the noncarbinol fraction, gross examination 
revealed moderate enlargement of the cervical nodes and adrenals, 
considerable enlargement of the spleen, and occasional gross hemor- 
rhages into the femoral bone marrow. The thighs were markedly 
indurated and a few animals developed suppuration with purulent 
discharge. On section these areas revealed abscesses which were well 
walled-off. Microscopically, the lesions consisted of varying degrees 
of myeloid metaplasia, most pronounced in the spleen (Figs. 3 and 4), 
with frequent foci in the pulp of the cervical lymph nodes. The liver 
was diffusely involved with foci of immature myeloid cells. The lungs 
were either normal or showed a slight reduction in the amoimt of 
lymphoid tissue. The adrenals presented uniform changes, with foci 
of immature myeloid cells in the cortex which at times involved the 
medulla. Medullary hemorrhage was sometimes noted. Occasionally, 
the capsule of the organ was invaded (Fig. 5). Intertubular infiltration 
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of myeloid cells near the renal glomeruli was noted (Fig. 6). No infil- 
tration of the testes occurred, but atrophy of the seminiferous tubules 
was present. Myeloid hyperplasia of the elements of the bone marrow 
was present in most cases. The site of injection showed considerable 
necrosis of muscle and surrounding tissue, with large numbers of 
segmented neutrophils and eosinophils infiltrating between the muscle 
fibers. Islands of suppuration with central necrosis and caseation 
were noted. In some cases fibroblastic reaction about these lesions 
was very marked. 

Observations 

B-Acids {Hodgkin’ s-like) Fraction 

Nine young guinea-pigs were given three equally divided doses of 
the B-acids extract varying from 0.4 to 1.8 cc., and representing 177 
to 780 gm. of original beef liver (Table I), The peripheral blood was 
within normal range in all subjects. The general condition of the 
animals remained good throughout. Animals were sacrificed or died 
at times varying from o to 60 days after the final injection. Seven ani- 
mals showed evidence of Hodgkin’s-like lesions in the cervical nodes, 
spleen, liver, adrenal, and kidney. The bone marrow revealed myeloid 
h3rperplasia in 6 guinea-pigs, l3nnphoid hyperplasia in one, and no 
changes in 2. Myeloid metaplasia of the cervical nodes and spleen was 
noted in one guinea-pig. One animal was negative. 

Carbinol {Lymphoid) Fraction 

Seven male and 5 female guinea-pigs with initial weights varying 
from 285 to 483 gm. were used for carbinol injection (Table II). Four 
series of 3 animals each were given doses varying from o.io to 3.35 cc. 
of extract, representing 822 to 24,720 gm. of beef liver. There were no 
side reactions, and no deaths occurred during the course of the experi- 
ment. AU of the animals remained in good clinical condition and 
weights were maintained during the injection period. Peripheral blood 
counts were normal. Animals were sacrificed from 10 to 147 days after 
the final injection. Definite evidence of a lymphoid reaction was 
present in 5 animals. Four others reacted to a lesser degree. Myeloid 
changes in the cervical nodes, spleen, and liver were noted in one ani- 
mal while 2 others were negative. 

Noncarbinol {Myeloid) Fraction 

A total of 18 guinea-pigs was used for injection of the noncarbinol 
fraction (Table III). In the first experiment, 12 males varying in 
weight from 263 to 391 gm. were given divided doses every third day 
totaling I to 4 cc. This represented 591 to 2,364 gm. of beef liver. 



Table I 

Results of Injection of the B-Acids (Ilodgkin’s-like) Fraction 
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Injections were given intramuscularly into alternate hind limbs. It 
was found that a total dose of 2.5 cc. given in 0.5 cc. doses every third 
day produced the best response. Subsequently, 6 other males ranging 
from 425 to 652 gm. were placed on this regimen and the survivors 
were sacrificed 9 days after the final injection. During the experi- 
ment, anaphylactoid reactions to the injected extract were noted in 6 
animals. Three of these died within 10 minutes of the injection. In 
this series, all subjects lost weight during the injection period and 2 
died spontaneously. The others recovered rapidly and went on to 
gain fairly well. The general condition of the animals was fair. In all 
cases varying degrees of reaction to the extract were noted in the hind 
legs. Three animals showed ulceration of one or two toes of one hind 
foot and one showed similar changes in both hind feet. In 3 guinea- 
pigs moderate anemia with normoblasts and myelocytes in the periph- 
eral smear was observed. The experiment was terminated for the 
surviving animals 9 to 104 days after the final injection. Eight ani- 
mals showed definite myeloid reaction, and 5, less striking lesions. Five 
others presented a mixed myeloid and lymphoid stimulation in which 
the cervical nodes, pulmonary l3rmphoid tissue, and spleen were pre- 
dominantly lymphoid or polymorphous in cellular type, while the 
infiltrations of the liver, kidneys, and occasionally the adrenals were 
of the immature myeloid type. In one animal, isolated foci of myeloid 
and lymphoid infiltration were noted in the kidney and adrenal. The 
bone marrow showed positive evidence of myeloid hyperplasia in 13 
animals. 

Cottonseed Oil Control 

Seven male guinea-pigs weighing from 210 to 300 gm. were used 
as controls (Table IV). The animals were divided into two series of 
4 and 3. The first series was injected intramuscularly in alternate hind 
limbs with cottonseed oil in 0.5 cc. doses every third day until a total 
dose of 3.5 cc. was given. The second series was given 0.5 cc. of the 
same oil daily for a total dose of 3.0 cc. There were no untoward 
reactions to the injections and the animals remained in excellent health 
throughout the experiment. During the injection period, the weights 
remained constant, but immediately thereafter normal weight gains 
were noted. The peripheral blood picture was always within normal 
limits. Animals were sacrificed from 10 to 97 days after the final 
injection. Gross pathologic changes were limited to moderate indura- 
tion of the muscles at the sites of injection. Three animals had mye- 
loid changes of varying degree. Two animals showed mild mixed 
myeloid and lymphoid infiltration. In them, the spleen showed evi- 
dence of myeloid metaplasia, while the adrenals and kidneys had 
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Key: M = myeloid reaction; L = lymphoid reaction; M & L = mixed reaction; S = sacrificed. 
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lymphoid or mixed cellular infiltrates. A very mild lymphoid reaction 
was noted in one guinea-pig and another was negative. The bone 
marrow was negative in 5 animals while 2 showed some degree of 

myeloid hyperplasia. 

' Discussion 

The clinical course and the pathologic changes noted in the guinea- 
pigs in our study differ from those observed in spontaneous leukemia 
in animals and human patients. The pigs maintained good weights 
and were well clinically. Except for a small group in the noncarbinol 
(myeloid) series, no anemia or change in the white cells of the periph- 

Table V 


Frequency of Organ Involvement Following Use of the B-Acids {Hodgkin^ s4ike\ Fraction 


Reactions 

Lymph 

nodes 

Spleen 

Liver 

Kidney 

Adrenal 

Lung 

Bone 

marrow 

±H 1 

4 

5 

3 

I 

3 



H 

I 

I 

I 





L 

I 






I 

M 

I 

I 





6 

None 

I 

2 

5 

3 

5 

2 

2 

No sections 

I 



5 

I 

7 



Key: H = HodgkiVs-like reaction; L = lymphoid reaction; M = myeloid reaction. 


Table VI 

Frequency of Organ Involvement Following Use of the Carbinol {Lymphoid) Fraction 


Reactions 

Lymph 

nodes 

Spleen 

Liver 

Kidney 

Adrenal 

Lung 

Bone 

marrow 

±L 

5 

2 

3 

4 

I 

2 

4 

L 

4 

3 


2 

5 

3 

2 

M 

I 

2 

I 



I 


None 1 

2 

5 

7 

6 

6 

6 

5 


Key; M = Myeloid reaction; L = lymphoid reaction. 


eral blood was noted. Three of these animals showed a fall in hemo- 
globin and red blood cells with the appearance of normoblasts and 
immature leukocytes in the peripheral blood. These animals showed 
relatively severe histopathologic changes. The frequency and severity 
of organ involvement are shown in Tables V, VI, VII, and VIII. Thus 
the B-acids (Hodgkin’s-hke) fraction most commonly produced lesions 
in the cervical nodes, spleen, and liver, and stimulation of myelo- 
poietic tissue of the bone marrow. The lesions in animals treated with 
the carbinol (lymphoid) fraction were most frequently observed in 
the cervical nodes and spleen. In one-half of the series, the liver, 
adrenals, kidneys, and lung were involved. The bone marrow was 
slightly infiltrated with round cells in one-half of the group. The non- 
carbinol (myeloid) fraction caused lesions in the spleen, adrenals, 
kidneys, liver, cer\dcal nodes, and lung, in the order given. Bone- 
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marrow myeloid hyperplasia was noted in 13 of the 17 marrows 
examined. 

Each fraction studied produced the anticipated lesion indicating a 
specific response. One animal given B-acids fraction and one given 
a carbinol fraction showed an unexpected myeloid reaction. Five ani- 
mals given the noncarbinol fraction responded with a mixed myeloid 
and lymphoid lesion. These 5 animals were among those receiving the 
larger doses. Our results tended to confirm the observations of Miller 
and his group and Heinle and his co-workers that the noncarbinol frac- 
tion produces a more striking response than do the other two fractions. 


Table VII 

Frequency of Organ Involvement Following Use of the Noncarbinol 

{Myeloid) Fraction 


Reactions 

Lymph 

nodes 

i 

Spleen 

Liver 

Kidney 

Adrenal 

Lung 

Bone 

marrow 

±M 

3 

4 

5 

mm 

3 

3 

6 

M 

6 

9 

7 


8 

3 

7 

+ M&L 

j 

3 



2 

I 


M & L 





3 



None 

9 

2 

6 

H 

2 

10 

4 


Key: M = myeloid reaction; M & L = mixed myeloid and lymphoid reaction. 


Table VIII 


Frequency of Organ Involvement: Normal Butyl Succinate Control 


Reactions 

Lymph 

nodes 

Spleen 

Liver 

Kidney 

Adrenal 

Lung 

Bone 

marrow 

±L 

I 

I 

I 

I 

I 

2 


L 

2 

I 






None 


I 

2 

2 

2 

I 

3 


Key: L = lymphoid reaction. 


The reciprocal relationship of myeloid and lymphoid tissues, as sug- 
gested by Wiseman, Doan, and Erf, is confirmed by the reduction of 
lymphoid tissue in the lungs and of a hypoplasia of the lymphoid 
follicles in myeloid-stimulated animals. Similarly, the increase in 
lymphoid tissue in the lung, lymph nodes, and spleen emphasizes the 
potentiating effect of lymphoid-stimulating substance. This hypothesis 
receives further confirmation with studies of the sites of injection. In 
the animals receiving the myeloid substance, granuloc3rtic reaction was 
very marked; whereas, in the lymphoid-stimulated group these areas 
showed almost complete absence of inflammatory cells. 

The nature of the substances involved has not been elucidated by 
this study. In the carbinol (lymphoid) group there were no anaphy- 
lactoid deaths, whereas there were 6 such deaths (of a total of 18 
animals) in the noncarbinol (myeloid) group. Since our extracts are 
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very crude, the presence of a protein contarpinant is a most probable 
catise. However, the interesting possibility of a protein conjugate as 
suggested by Hirschmann et is also tenable. 

We believe that our studies show that , extracts of beef liver contain 
some substances which stimulate lymphoid hyperplasia and infiltra- 
tion when the ‘^carbinol” type is used, and a myeloid hyperplasia and 
infiltration when the “noncarbinol” type is injected into guinea-pigs. 

The need for purification and concentration of the active hemato- 
poietic stimulators involved is recognized and efforts in that direction 
are being continued. The presence or absence of these factors in other 
organs is being studied also. 

Summary 

By a method which is described briefly, hematopoietic stimulating 
substances can be extracted from beef liver. These can be separated 
into a lymphoid stimulating factor and a myeloid stimulating factor. 
When injected into guinea-pigs these produce lesions appropriate to 
these designations, but the results are clinically and pathologically 
dissimilar to spontaneous leukemia. A reciprocal relationship be- 
tween myeloid and lymphoid tissues was again confirmed. Further 
purification and concentration of the stimulator factors is necessary. 

Extracts from beef liver -were prepared by Drs. Frank Stim and E. C. Yen at 
the Lederle Laboratories, Pearl River, N.Y. 
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Plate 13s 

Fig. I. Periportal focus of polymorphous and monocytoid cells in liver (B-acids 
fraction prepared from beef liver). Hematoxylin and eosin stain. X 500. 

Fig. 2. Lymphoid hyperplasia in spleen (carbinol fraction prepared from beef 
liver). Hematoxyhn and eosin stain. X 500 . 
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Plate 136 

Fig. 3. Myeloid metaplasia in spleen (noncarbinol fraction prepared from beel 
liver). Hematox}'lin and eosin stain. X 100. 

Fig. 4. Myeloid metaplasia in spleen (noncarbinol fraction prepared from beef 
liver). Hefnatox^’lin and eosin stain. X 500. 
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Hematopoietic Substances from Beef Liver 



Plate 137 

Fig. 5. Myeloid infiltration in capsule of adrenal gland (noncarbinol fraction 
prepared from beef liver). Hematoxylin and eosin stain. X 500. 

Fig. 6. Intertubular infiltration of myeloid cells in kidney (noncarbinol fraction 
prepared from beef liver). Hematoxylin and eosin stain. X 500. 
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' THE PATHOLOGY OF GARGOYLISM 
Report of a Case and Review of the Literature * 

Lotte Strauss, M.D.f 

(From the Laboratories of the Mount Sinai Hospital, Division of Pathology, 

New York 2g, N.Y.) 

A S3mdrome of chondrodystrophic changes in the skeleton, corneal 
opacities, hepatosplenomegaly, and mental deficiency was reported 
by Hunter ^ in 1917 and by Hurler ^ in 1919. This is now well known 
as a clinical entity for which the term gargoylism was introduced by 
Ellis, Sheldon, and Capon ^ in 1936. More than 100 cases have been 
reported in the literature, and the clinical and radiographic features 
are well established. The syndrome is known to be familial; its genetic 
aspects have been discussed by Halperin and Curtis,^ de Rudder,® and 
Bdcker.® 

The anatomic findings in gargoylism are still fragmentary and their 
interpretation is controversial. Most of the reports on autopsy find- 
ings have been incomplete, with main emphasis upon the examination 
of the cerebrospinal system. The lesions in the brain were reported to 
be identical with those in juvenile amaurotic idiocy.'^’ ^ This led to 
the assumption that gargoylism is a lipid storage disease. Kressler and 
Aegerter ^ found vacuolated cells in many internal organs. Even 
though no lipid substances were demonstrated by histologic methods, 
Washington defined the condition as “a disease of congenital origin 
characterized by chondrodystrophiac changes in the skeleton and by a 
tendency toward the deposition of a lipid substance in the tissues, 
particularly in the brain,” and coined the term lipochondrodystrophy. 
Schmidt described severe disturbances of endochondral ossification 
and demonstrated lipid granules in the cartilage cells. He considered 
the chondrodystrophic changes as an integral part of a disturbance of 
lipid metabolism. 

In view of the small number of complete autopsy reports on record, 
the case of a 3-year-old girl with the characteristic history and clini- 
cal picture of gargoylism will be described. 

Report of Case 

E. L., a 3-year-old white girl of Polish extraction, was admitted to the Pediatric 
Service of the Mount Sinai Hospital on March 17, i94S- The patient’s parents were 
fourth cousins. The patient had an older normal sister. Tlie child was born by 

* Received for publication, July 21 , 1947- 
t Sarah Welt Fellow in Pathologj', 
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spontaneous delivery after a normal full-term pregnancy. The birth weight was 
4150 gm. She appeared to develop' like a normal infant until the age of 6 months; 
however, she was unable to hold up her head. She did not sit up imtil she was i 
year old. The first tooth appeared at i year. When the child was about 6 months 
old the parents noted that she had a depressed nasal bridge and a chronic nasal 
discharge. When she was i year old a deformity of the head was noticed which 
progressed during the following 2 years. In addition there was flexion deformity 
of the fingers and limitation of motion of the extremities, as well as enlargement 
of the abdomen. Up to the age of 2 years mental and physical development were 
progressive though somewhat retarded. She was able to walk and talk, but from 
that time on development regressed, and at the time of admission she could not 
stand up, walk, or talk more than a few short words. There was progressive 
mental dullness. Her eyesight was poor. On the other hand, height and weight 
progressed normally. At the age of 3 years she weighed 15 kg. 

Physical Examination. The patient was an obese, dull, irritable child with a 
large, deformed head and a purulent nasal discharge. She appeared mentally re- 
tarded and in poor contact with her environment. She did not raise her head or 
follow light. The skull was scaphocephalic; the fontanelles were closed. There 
were marked frontal and occipital protuberances. In the center of the frontal area 
there appeared to be an extra bone which was diamond-shaped and prominent. 
The eyes were widely spaced. Fundi could not be visualized because of bilateral, 
diffuse, pxmctate, corneal opacities. The nasal bridge was flat and the nostrils 
wide. The mouth was large, with thick lips (Fig. i). The teeth were widely spaced 
and poorly developed, the lower teeth not yet fully erupted. The palate was high; 
the tongue appeared thick. The large head rested upon a short neck. Examination 
of the chest revealed rhonchi throughout both limgs. Respirations were 34 per 
minute. The heart appeared normal to percussion and auscultation. Pulse rate was 
120; blood pressure, 120/80 mm. Hg. The abdomen was protuberant, and there 
was a small umbilical hernia. The liver and spleen were palpable 3 to 4 finger-, 
breadths below the costal margins. The skin revealed abundant lanugo, especially 
over the back, forehead, and upper lids. 

Fingers and toes were flexed and could not be fully extended; there 'also was 
limitation of extension of the knees and elbows. The arms could not be' abducted 
above the head. The extremities appeared somewhat shorter than is normal. There 
was lumbar kyphosis. The neurologic status was normal, 

A clinical diagnosis of lipochondrodystrophy (Hurler’s disease) was made. Labo- 
ratory findings: Hemoglobin, 88 per cent; white blood cell coimt, 13,000, with 
69 per cent polymorphonuclear cells, 27 per cent l3Tnphocytes, 3 per cent mono- 
cytes, and I per cent eosinophils. The urine showed 3 plus albumin and one to 
three white cells in the sediment. Wassermann test of the blood was negative. Tu- 
' berculin patch test was negative. Serum phosphorus was 4.8 mg. per 100 cc.; 
serum calcium, 10.8 mg. per 100 cc.; blood cholesterol, 220 mg. per 100 cc. Electro- 
encephalogram (Dr. H. Strauss) showed "severe diffuse cerebral dysfunction.” 

Roentgenologic Findings (Dr. W. H. Merrit). Examination of the skull showed 
the presence of a scaphocephalic deformity (Fig. 2). The frontal area bulged an- 
teriorly. The frontal sinuses were absent. A small metopic suture was evident. 
There was also considerable enlargement of the posterior cranial fossa. The sella 
turcica was not well outlined, but appeared to be widened. The dorsum sellae 
appeared thinner than usual, and there was some pointing of the posterior clinoids. 
The tuberculum sellae and the anterior clinoids were obscured. There was an 
increase in the convolutional impressions in the parietal region. The dorsolumbar 
spine showed kyphosis in the lower dorsal and upper lumbar region. The body of 
the second lumbar vertebra showed a defect at its anterosuperior aspect woth promi- 
nence or beaking of its antero-inferior aspect. This change was present, but to a 
lesser degree, in the subjacent vertebral body. The ribs showed a general increase 
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in breadth throughout the thorax. There was bilateral coxa valga. Both acetabular 
roofs were shallow. There were broadening and deformity in the proximal and distal 
metaphysis of the humerus, radius, and ulna bilaterally. The metacarpals appeared 
deformed at both ends and the proximal phalanges at their distal ends. “The 
changes described are consistent with the diagnosis of gargoylism, but present 
no features which would distinguish this condition roentgenologically from the usual 
type of osteochondrodystrophy.” 

Coiirse. On the third day of hospitalization the patient’s temperature, which had 
been 37° C. on admission, rose to 40° C., believed to be due to sinusitis. Sulfa- 
diazine was given for 3 days, with no effect on the fever. The child at no time 
appeared dangerously ill, but at the end of 3 days of this febrile course she sud- 
denly died. Death was believed to be due to sudden heart failure. Post-mortem 
examination (no. 13098) was performed by Dr. P. Gruenwald ii hours after death. 

Gross Examination , 

The body measured 84 cm. in length (normal average, 88 cm.*). 
Its external appearance conformed to that found on physical exam- 
ination. Description of the internal organs will be restricted to the 
pertinent findings. 

The heart weighed 82 gm. (normal average, 59 gm.). There was a 
slight, diffuse, whitish thickening of the epicardium, most marked on 
the anterior surface. The tricuspid and mitral valves showed nodules 
up to 3 mm. in size, with a smooth surface and fibrous consistency, at 
the insertion of the chordae. The chordae themselves were thick and 
short, and the usual web-like insertion was almost absent (Fig. 3). 
The left ventricle was markedly h5^ertrophied (Figs. 3 and 4) ; the 
myocardium, pale red and firm. There was slight thickening of the 
endocardium in the left ventricle. Marked bulging of the septum was 
present in the aortic outflow tract. The aortic and pulmonary valves ' 
appeared edematous and fleshy (Fig. 4). The aorta and its large 
branches were thickened. The intima was white with yellow plaques, 
and coarsely wrinkled (Fig. 4). The openings of the coronary arteries 
were slit-like, the arteries themselves being wide and grossly normal. 

The combined weight of the lungs was 168 gm. (normal average, 
168 gm.). The large bronchi on the right contained much viscid, 
yellow, mucopurulent exudate. The large branches of the pulmonary 
artery showed slight thickening of their walls. The hilar lymph nodes 
were swollen and reddened. The larynx was grossly normal. 

The liver weighed 580 gm. (normal average, 418 gm.). Its surface 
was smooth and reddish yellow, and its consistency soft. On the cut 
surfaces the lobular markings were poorly defined. The gallbladder 
mucosa showed some yeUow stippling. 

The spleen weighed 78 gm. (normal average, 37 gm.). Except for 
its enlargement, it showed nothing imusual. 

* The normal weights and measurements are taken from Coppoletta and Wolbach 12 



858 


STRAUSS 


Each kidney weighed 40 gm. (normal average, 48 gm.) and had a 
smooth, yellowish surface. There were petechiae in the right renal 
pelvis. 

The tongue showed proihinent, pale papillae. Its surface was dry 
and gray. There were no gross abnormalities of the esophagus, stom- 
ach, and intestine. The mesenteric lymph nodes were moderately firm 
and had a strikingly yellow color. There were no gross abnormalities 
of the th3mius, pancreas, adrenals, peripheral lymph nodes, bladder, 
and internal genital organs. 

On sagittal section the thoracic spine showed widening of the disks 
posteriorly. In the lumbar spine there were abnormally wide remnants 
of cartilage ventrally (Fig. 5). The ribs were broad and flat. The 
costochondral junctions were regular and not widened. The marrow of 
the left femur showed, on longitudinal section, a mottled appearance, 
due to alternating hematopoietic and fatty areas. The femur was 
slightly curved with the convexity directed laterally. The sagittal and 
lambdoid sutures of the skull had disappeared. The coronal suture 
was partly open. The fontanelles were closed. Traces of the frontal 
suture were seen externally. The base of the skull showed several ir- 
regular gyrus-like protrusions on the floor of the middle fossa, and 
marked protuberance of the petrous bone. The floor of the posterior 
fossa also showed protrusions, one of them at the posterior aspect of 
the foramen magnum, thus narrowing the foramen. There was marked 
flattening of the sphenoid bone. 

Large portions of the liver, spleen, and brain were ground and pre- 
served in cold acetone to await chemical examination. 

Microscopic Examination 

Heart. (Section was made through the posterior wall of the left 
ventricle, left atrium, and mitral valve.) The myocardium was hyper- 
trophied. There were no vacuoles in the cytoplasm of the muscle fibers. 
Small foci were present where the muscle fibers were atrophied and 
encroached upon by delicate connective tissue septa. These were 
infiltrated by accumulations of large cells which were polygonal or 
oval; the cell body was vacuolated; the cytoplasm stained only very 
faintly with eosin and was finely granular or fibrillar. There was a 
small, dark, eccentric nucleus (Fig. 6). The cells usually were ac- 
companied by varying amounts of collagen fibers. The connective 
tissue surrounding the small myocardial blood vessels had a similar 
appearance. Anitschkow cells could be encountered in these foci; their 
cytoplasm was poorly visible and appeared not to be vacuolated. Some 
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of the medium-sized branches of the coronary artery showed segmental 
thickening of the media, due to the presence of large, vacuolated, 
spindle-shaped cells; where these were present the smooth muscle 
fibers of the media were atrophic and replaced by connective tissue 
fibers. Where the large cells were missing, the muscle fibers in the 
media were well preserved. The intima and the internal elastica were 
intact. Vacuolated cells were seen also in the adventitia. 

The endocardium of the atrium was diffusely thickened (Fig. 7), 
and there was focal thickening of the ventricular endocardium due to 
the presence of swollen cells accompanied by an increase of collagen 
fibers. No change in the elastic fibers was seen. The endocardial thick- 
ening was most marked at the base of the ventricle, in the region of the 
mitral ring, and continued throughout, the mitral valve, the thick- 
ness of which was increased to about three times the normal (Fig. 7). 
It was made up of large numbers of swollen, vacuolated cells (Fig. 8). 
The cell body varied from a plump spindle to polygonal shape, ap- 
parently determined by the environment of the individual cell. Often 
the cells were arranged in rows or columns of varying length, either 
pressing upon each other or isolated and completely surrounded by a 
ground substance. Their cytoplasm stained only very faintly; most 
of it remained unstained. With Mallory’s phosphotungstic acid hema- 
toxylin stain, extremely delicate granules could be visualized in the 
cytoplasm. Most of the cells had a small, dark, eccentrically located 
nucleus. A considerable number, however, possessed nuclei exhibiting 
the characteristic appearance of the nucleus of the Anitschkow cell. 
Here, these cells had abundant cytoplasm showing evidence of storage, 
and well defined cell borders. Wherever these large cells were present 
there was also a marked increase in collagen fibers (Fig. 8), forming 
wavy bands of varying thickness throughout the valve. The vacuo- 
lated cells failed to stain by Best’s carmine method for glycogen or by 
the Sudan III and Smith-Dietrich stains for lipoid. 

Aorta. The aorta was markedly thickened (Fig. 9). This was due 
chiefly to the width of the intima which exceeded that of the media. 
The thickening was patchy and did not affect the entire circumference. 
The microscopic appearance of the intima resembled that of the mitral 
valve. It consisted of layers of swollen, spindle-shaped, vacuolated 
cells and fine wavy fibers which stained like collagen. (There was a 
scanty cement substance staining blue with Mallory’s aniline blue 
method.) In the media there were multiple spindle-shaped, clear cells 
between the muscle and elastic fibers. They had a slightly eccentric 
nucleus and probably were cells of the same kind as seen in the intima. 
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Frozen sections of the aorta stained with sudan III, Nile blue sulfate, 
and by the Ciaccio and Smith-Dietrich methods gave negative results. 
There was no doubly retractile substance within the cells. 

Carotid Artery. The intima and media of a carotid artery included 
many vacuolated cells separated by wavy fibers. The artery was 
markedly thickened. 

Mesenteric Artery. Section through a branch of a mesenteric artery 
showed marked thickening of the intima and media due to the pres- 
ence of foam cells (Fig. lo). 

Ltmgs. The lungs showed edema, emphysema, focal atelectasis, and 
acute bronchitis with plugging of bronchi with mucus and epithelial 
cells. There was focal hemorrhage. The arteries showed thickening 
of the media and intimal patches due to the presence of vacuolated 
cells. No foam cells were , present in the parench5rma proper. The 
bronchial cartilage was normal. 

Trachea. The trachea showed acute inflammation. Vacuolated cells 
were present in -the pericartilaginous tissue. 

Liver. The liver cells were diffusely vacuolated and their cyto- 
plasm had a finely foamy structure (Fig. ii). The nuclei were normal. 
Best’s carmine stain for glycogen was negative. Frozen sections stained 
with Sudan III showed a number of large globules taking the stain, 
while the fine vacuoles remained unstained. A similar result was ob- 
tained with Nile blue sulfate (the fat globules stained pink). The 
Smith-Dietrich stain for lipoid was negative. No doubly refractile 
substance could be demonstrated. The Kupffer cells were swollen and 
finely vacuolated like the fiver cells. No foam cells were present in 
the periportal spaces. The fiver architecture was normal. There was 
no increase in connective tissue. 

Spleen. The cells lining the splenic sinusoids were enlarged and their 
cytoplasm was finely honeycombed (Fig. 12). The malpighian fol- 
licles were small and depleted. Under oil immersion they revealed 
multiple vacuoles. There were no foam cells in the intersinusoidal 
reticulum or in the l3anphatic tissue. The arterioles were not remark- 
able while in the walls of larger arteries vacuolated cells were seen. 
Sudan and Smith-Dietrich stains for lipoid were negative. 

Pancreas. In the connective tissue around the larger pancreatic 
ducts, and in the peripancreatic tissue and arteries, vacuolated cells 
were found occasional^. 

Kidney. In the interstitial connective tissue of the kidney, especially 
about vessels, there were scattered vacuolated cells. A large artery 
showed focal intimal thickening. 

Alimentary Tract. In the esophagus there were hyperemia and focal 
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round-cell infiltration in the submucosa. The ganglion cells in the 
muscularis appeared vacuolated. In sections of the pylorus and of the 
small and large intestine, the cells of the myenteric plexus appeared 
enlarged and vacuolated. The submucous plexus of the intestine 
showed less conspicuous changes. In the muscularis propria of the small 
intestine there were many scattered, large, vacuolated cells. There was 
no increase in connective tissue. 

Lymphatic Tissue. Section of a tonsil showed subacute inflamma- 
tion. In the peritonsillar connective tissue there was a small accumu- 
lation of large, clear, vacuolated cells. The mesenteric and peripancre- 
atic lymph nodes showed considerable post-mortem change. There were 
dilatation of the sinusoids and depletion of the lymphoid tissue. Np 
vacuoles were seen in lymphocytes and reticulum cells. 

Thymus. Large polygonal cells with vacuolated cytoplasm, having 
the appearance of histiocytes, were scattered through the thymic tissue. 

Endocrine Organs. The adrenal cortex was considerably depleted of 
lipoid. In the connective tissue occasional foam cells were noted. The 
ovary showed primordial and growing follicles. An occasional small 
group of foam cells was present in the stroma. One ovary showed a 
nodule of heterotopic adrenal cortex. The thyroid and pituitary glands 
showed no abnormalities. 

Cornea. Immediately beneath the corneal epithelium there were 
elongated cells with their long axes parallel to the surface of the cor- 
nea (Fig. 13). These were larger than the basal cells of the corneal 
epithelium, and separated from it by a fine basement membrane. They 
appeared swollen, and in places produced a bulge in the lower surface 
of the corneal epithelium. Their cytoplasm stained very faintly with 
eosin which left irregular unstained portions, particularly near the 
nucleus, which was small, poor in chromatin, and somewhat eccentric. 
These cells did not form a continuous layer, but occurred in small 
islands. Where they were present. Bowman’s layer could not be recog- 
nized. They appeared to derive from the fibroblasts of the substantia 
propria of the cornea. The latter was otherwise normal. There were 
no changes in Descemet’s membrane or in the corneal endothelium. 

Rih. The resting cartilage of the epiphysis of the rib was normal. 
The zone of proliferating cartilage was shortened and the cartilage 
columns were plump, and in places missing. No lipoid substance could 
be demonstrated in the cartilage cells by sudan III or Smith-Dietrich 
stains. Where the proliferating cartilage cells were absent, there was 
an area of vascular connective tissue containing many large, swollen, 
vacuolated cells similar to those seen elsewhere in the connective 
tissues (Fig. 14). This area lay approximately in the center of the 
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epiphyseal zone, close to the costochondral junction. At its base there 
was a thin, transversely disposed layer of newty formed bone which 
lacked a calcified cartilage ground substance, in contrast to bony 
trabeculae normally formed from the cartilage. In places where short 
cartilage columns were present, the newly formed bony trabeculae 
were likewise short; however, they disposed themselves in the long 
axis of the bone and formed about a calcified cartilage matrix. The 
cancellous portion of the rib showed normal trabeculae. In the peri- 
osteum and perichondrium the collagen fibers appeared separated by, 
large numbers of vacuolated, spindle-shaped cells having small ec- 
centric nuclei. The periosteum was markedly thickened by the pres- 
ence of the large cells and a conspicuous increase in the number of 
collagen fibers (Fig. 15). The infiltration with vacuolated cells was 
most striking in the cambium layer of the periosteum. The infiltrated 
periosteal tissue appeared to be engaged in the resorption and recon- 
struction of cortical bone which, along the surface of contact, showed 
many shallow and deep lacunae filled with the swollen cells (Fig., 15). 
Occasionally, small fragments of newly formed bone were completely 
embedded in the infiltrated periosteal tissue, and the osteocytes still 
resembled the swollen periosteal cells. It thus appears that bone may 
be formed directly within this tissue. The cortex itself was thick. The 
endosteum was thin and delicate, and there were very few osteoblasts 
and osteoclasts. The perichondrium also showed infiltration with large 
cells. These appeared to become incorporated in the cartilage, which 
was more cellular in its peripheral portions than in its depth. Also, the 
cartilage cells there appeared somewhat larger, but otherwise were not 
remarkable. One of the ribs showed a circular periosteal band (“Peri- 
oststreifen”) interposed between the epiphyseal cartilage and the 
metaphysis, thus producing a marked constriction of the epiphyseal 
zone. The peripheral parts of the shaft were formed directly from 
the periosteal band instead of from cartilage. The same foam cells 
present elsewhere in the periosteum were scattered throughout the 
periosteal wedge, which otherwise was formed by dense collagen fibers. 

Lumbar Vertebra. Sagittal section of the lumbar vertebra showed 
the structure of the spongiosa to be normal. The marrow was cellular 
and there were few fat cells. Proliferating cartilage was very scanty; 
columns of cartilage either were missing (Fig. 16). or very short (Fig. 
17). Thus, much of the cartilage which would normally proliferate 
had remained in the resting stage (Fig. 16), Penetration of marrow 
cavities into the cartilage was very slight and occurred only where the 
short columns were present (in the center of the epiphyseal line) . The 
zone of provisional calcification was almost absent, and bone was laid 
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down directly at the border of the epiphyseal cartilage, as a transverse 
layer (Fig. 17). Accordingly, ossification was mainly perichondral. 
The longitudinally directed trabeculae seen in normal bone were rare. 

Along the anterior border of the vertebra there was a rather deep 
groove producing a concave outline of the vertebral body. This groove 
was filled with thick collagen fibers forming interlacing bundles. Ad- 
jacent to the cortex there was a layer of vacuolated cells which ap- 
peared to penetrate into the cortical bone, giving it an arroded border. 
Very few osteoclasts were seen, but the vacuolated cells appeared to 
exert osteoclastic activity. Small fragments of bone were laid down 
in the infiltrated zone of the periosteum. 

Another lumbar vertebra showed a marked overgrowth of cartilage 
along its anterior border. Apparently this was the result of the poor 
endochondral bone formation from the epiphyseal cartilage. Thus the 
spongiosa of the vertebra became disproportionately small and its 
outline deformed. The anterior border of the vertebra became shorter 
than the posterior border and much more concave. The concavity was 
filled with periosteal and perichondral tissue consisting of interlacing 
fibers which blended with the overhanging cartilage, and of numerous 
vacuolated cells which appeared to become incorporated in the carti- 
lage. 

Head of the Femur and Sternum. The changes seen in the head 
of the femur and sternum were comparable to those seen in the ribs 
and vertebral bodies. 

Skull. The skull was thick and compact. There was no diploe. The 
haversian systems were well developed. The periosteum showed in- 
filtration by vacuolated cells in the cambium layer. 

Central Nervous System. The gross and microscopic findings in the 
brain and spinal cord will be reported in detail elsewhere.^® There 
was a marked internal hydrocephalus. On microscopic examination 
generalized degeneration of ganglion cells with ballooning and loss of 
Nissl substance was found. This change was most marked in the 
cerebral cortex and in the anterior horns in the spinal cord. There 
was a moderate increase in glial elements in the cortex. The swollen 
ganglion cells stained deeply with sudan III. 

Discussion and Review of the Literature 

Ellis, Sheldon, and Capon ^ introduced the term gargoylism because 
the large head and inhuman facies common to the majority of patients 
affected with this condition reminded them of the gargoyles seen on 
some Gothic cathedrals. Although the syndrome seems to have been 
recognized as a condition sui geiieris as early as 1908 (Henderson 
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it did not appear in the literature until 1917 when Hunter ^ described 
the disease in two brothers. The S3mdrome then returned to the litera- 
ture under various names, among which Hurler’s disease, dysostosis 
multiplex, gargoylism, chondro-osteo-dystrophy, and lipochondrodys- 
trophy are the most common. 

The multiplicity of names and the variety of forms have made it 
very difficult to evaluate accurately the number of cases so far re- 
ported, and different figures are given by the reviewers. Henderson 


Table I 

Reported Cases of Gargoylism in Addition to Those Listed by Henderson and Ellis 


Year 

Author 1 

No. of cases 

193s 

Reillyie | 

3 

1939 

Berliner^^ 

3 

1939 

Nissler^s 

I 

1939 

Hora^® 

I 

1940 

Waarden burgoo 

2 

1941 

Stoeckel2i 

2 

1941 

Ross, Hawke, and Brown22 

4 

194X 

Veasey^^ 

I 

1942 

Kny24 

I 

1942 

Schmidt^i 

I 

1942 

Wolff25 

I 

1942 

De Lange ^6 

T 

1942 

Halperin and Curtis^ 

I 

1942 

Harvey27 

I 

1942 

Cordes and Hogan^s 

5 

1943 

Larson and Lichty29 

3 

1943 

Lahdensuu^® 

4 

1943 

Rojas Dominguez^i 

I 

1943 i 

Exp6sito Martinez and de Feria®2 

2 

1943 

Boldtss 

I 

1943 

Bocker^ 

I 

1944 

Lurie and Levy^^ 

2 

1945 

Sear and Maddoxes 

I 

1946 

Debr6, Marie, and ThieffryS® 

3 

1946 

Brouwer-Frommann^^ 

I 

1937 

Bouman* 

I 

1940 

Westrienen* 

I 

1946 

Nja^s 

6 


* Cited by Brouwer-Frommann.37 


collected 57 cases from the literature, and he and Ellis added 6 
more. Since then, additional case reports have been published in vari- 
ous coimtries, and some previously reported cases have come to my 
attention which are not included in Henderson’s paper. They are 
enumerated briefly in Table I. 

This brings the total of known cases, including the one here pre- 
sented, to 1 1 9. The case reports have illustrated amply the clinical 
features of the condition, which return with striking regularity in the 
majority of cases. The typical roentgenologic changes of the skeleton 
have been reviewed by, Gillespie and Siegling,^® Harvey,^^ and by Lar- 
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son and Lichty.^® The occurrence of Sprengel’s deformity has been 
stressed by Engel.^° 

The familial nature of the condition has long been recognized. It 
has been encountered repeatedly in two or more siblings.^’ Consan- 
guinity of the parents or grandparents of affected children has been 
found occasionally. The parents usually are healthy. However, in 
some reports deformities of the head, chest, or hands of one of the 
parents have been mentioned. An Uncle of the patient reported by 
Jewesbury and Spence had a similar disease leading- to early death. 
Slot and Burgess reported that a maternal aunt of their patient died 
in childhood as a deaf-and-dumb cripple. A suggestive history of 
mental deficiency in the mother’s family was given by Lahdensuu.®° 
Nja studied the pedigree of a family in which 5 cases of gargoylism 
occurred. He observed that the afflicted members of the family were 
all males in whom the trait must have been transmitted from an 
imaffected mother. On this basis inheritance of- a sex-linked t5rpe was 
suggested. 

The few reports in the literature of autopsy findings in cases of 
gargoylism are gathered in Table II. Several of these cases were studied 
only incompletely, and in some the diagnosis of gargoylism must be 
considered as questionable. 

Stoeckel’s case was clinically a typical case of gargoylism. Unfortu- 
nately, the autopsy report is limited to a macroscopic description of 
only a part of the viscera. The case of ‘ffypus E” described by de Lange 
and co-workers is included in Table II notwithstanding the negative 
findings in the brain. Its relation to gargoylism will be discussed below. 

Cerebral changes similar to those seen in the juvenile form of 
amaurotic idiocy were confirmed by the reports of Ashby, Stewart, 
and Watkin,® Kressler and Aegerter,® Kny,^^ and de Lange.^® Such 
changes in the the nervous system were found in the present case; 
they will be reported in a separate publication by Green.^® As a 
result of this similarity, cases of gargoylism may have been interpreted 
erroneously as instances of amaurotic idiocy. This occurred in the 
report of Zierl who described Hurler’s case along with 2 cases of 
amaurotic idiocy, stressing the presence of bone changes in all 3. 

The interpretation of the changes in the central nervous system is 
of great importance for the understanding of gargoylism. Changes simi- 
lar to those in juvenile amaurotic idiocy are not limited to a small 
group of closely related diseases, but constitute a more widely occur- 
ring type of nerve cell alteration than is commonly thought. This 
view was expressed by Jervis when he described a familial s^mdrome 
which had clinical features in common with both gargoylism and 
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* Not examined or not reported, 
t Not examined histologically. 

tThe other organs of this case were examined by Dr. Eugene Opie, who found microscopic 
changes almost identical with those described in the case here reported. 
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juvenile amaurotic, idiocy (early onset of mental retardation, dwarf- 
ism, characteristic “gargoyle” facies, and thickening of the skull); 
however, other stigmata of gargoylism such as hepatosplenomegaly 
and corneal clouding were not present. At autopsy, examination of 
the liver and spleen revealed normal organs while the changes in the 
brain were found to be identical with those in well authenticated 
cases of gargoylism as well as in amaurotic .family idiocy. Chemical 
examination of the brain disclosed the presence of neuramic acid 
which thus far has been found only in Tay-Sachs’ disease (Klenk 
On the basis of chemical differentiation, this case is to be grouped with 
the neuramic acid lipidoses while it is hard to classify it on the basis 
of clinical or morphologic characteristics. Tropp offered an explana- 
tion for the degenerative changes in the brain in the infantile form of 
Gaucher’s disease which, modified, might be applied to gargoylism. 
He assumed that the degenerative changes in the central nervous 
system are secondary to the general metabolic disorder rather than an 
essential part of it in the sense of Spielmeyer.^^ The finding of almost 
identical nerve cell changes in a variety of apparently nonrelated con- 
ditions (infantile morbus Gaucher, Niemann-Pick’s disease, amaurotic 
idiocy, gargoylism) raises the question to what extent the lesions of 
the central nervous system are specific, and whether we are justified in 
placing such diverse diseases in a common group merely because of 
the morphologically similar changes in the brain. One may rather as- 
sume that swelling of nerve cells and the appearance in them of fat-like 
substances indicate a local disturbance of cellular metabolism result- 
ing either from a deficiency of the necessary building materials (this 
deficiency being the direct result of a systemic metabolic disorder) or 
from an inherent inability of the nerve cells to utilize the substances 
necessary for their growth and preservation. This viewpoint was 
expressed by Globus when he discussed the relationship of the lesions 
of the central nervous system in the various forms of amaurotic idiocy 
and Niemann-Pick’s disease. The histologic findings in gargoylism 
seem to justify this assumption. In this disease only the swollen 
ganglion cells contain granules stainable with sudan while the storing 
cells elsewhere in the body cannot be stained with fat stains. 

Internal hydrocephalus was found in the present case as well as in 
5 other cases listed in Table II. In the case here presented, bony 
elevations were observed at the base of the skull which compressed the 
hindbrain and may have interfered with the drainage of liquor. In 4 
of the other 5 cases in which hydrocephalus was found at autopsy, 
elevations or osteophytes at the base of the skull also were mentioned. 
This suggests that hydrocephalus, when it occurs in gargoyles, is due 
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to a skeletal abnormality whicb compresses the brain stem, A similar 
mechanism has been described by Griineberg in a mutation in mice 
which produces skeletal abnormalities and hydrocephalus by prevent- 
ing drainage of cerebrospinal fluid from the fourth ventricle. 

Among the well recognized anatomic changes are those found in the 
cornea in those cases in which corneal clouding existed. Although 
Kressler and Aegerter were able to demonstrate only artifacts in the 
cornea of their case,” Berliner, Rochat,^^ and Zeeman^” have de- 
scribed defects in Bowman’s membrane, which contained vacuolated 
cells with granules in their cytoplasm. Berliner considered these as 
lipid granules. Rochat mentioned that the granules were soluble in 
ether and alcohol, not doubly retractile, and that they gave a pale 
yellow-brown stain with sudan III. In the case here reported the cor- 
neal changes were identical with those described by Berliner, Rochat, 
and Zeeman. No attempt was made to determine the chemical nature 
of the cytoplasmic granules. The ocular findings in gargoylism have 
been reviewed most recently by Cordes and Hogan.^® 

Comparatively little attention has been paid thus far to the ana- 
tomic changes of the internal organs. Cardiac failure is often given as 
the apparent cause of death in gargoyles. The presence of hepato- 
megaly and splenomegaly has long been stressed as a part of the 
characteristic clinical picture. Splenectomy and a biopsy of the liver 
in a 2 -year-old boy showing the classical picture of gargoylism (El- 
lis revealed an enlarged spleen with hyperplasia of the pulp. The 
liver cells were described as “well filled with glycogen.” A search for 
abnormal lipids was negative. A biopsy of the liver in the first case 
of Debre, Marie, and Thieffry ”” showed no histologic or histochemical 
abnormality. 

Kressler and Aegerter ” were the first to stress the widespread 
visceral changes characterized by the presence of vacuolated cells in 
many organs, particularly the liver, spleen, lymph nodes, and myo- 
cardium. In the case presented here, the visceral changes were out- 
standing and so obvious that it seems strange that they should have 
escaped recognition for such a long time, unless there is a compara- 
tively wide variability in their degree and extent, possibly related to 
age, or determined by modifying genetic factors. There are certain 
differences between the lesions described by Kressler and Aegerter and 
those in the present case. In the liver, involvement of the Kupffer 
cells was found in addition to extensive vacuolization of liver cells. On 
the other hand, the vacuolated cells in the portal areas mentioned by 
Kressler and Aegerter were not present. 

The striking enlargement and vacuolation, of the sinusoidal endo- 
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thelium in the spleen were not observed by Kressler and Aegerter 
they reported vacuoles in lymphocytes and reticulum cells not seen in 
the present case. Kny found no microscopic changes in the spleen 
while the liver was described as showing early cirrhosis and vacuola- 
tion of the liver cells. The Kupffer cells, however, appeared free of 
changes. 

Thus it seems that involvement of the reticulo-endothelial system is 
not a prominent or constant feature of gargoylism. Even in the pres- 
ent case, it is overshadowed by the striking alterations in the connec- 
tive tissues of various organs. The extensive involvement of mesen- 
chymal structures, such as the endocardium, the myocardial connective 
tissue, and the intima and media of large and medium-sized arteries, 
with an increase of collagen fibers apparently has not been observed 
by other writers. Kressler and Aegerter ° mentioned only infiltration 
of small vessels in the spleen, and although there was thickening of 
the mitral and tricuspid valves and streaking of the ascending aorta 
in their case, apparently the microscopic appearance did not corre- 
spond to what was seen in the case here reported. However, an in- 
crease of areolar connective tissue in the myocardium and vacuoles in 
the pericardium was mentioned by these authors. 

Stoeckel,^^ in his gross report, described chronic endocarditis with 
fibrous thickening of the valves and a glassy sclerosis of the aorta. 
Chronic endocarditis was mentioned also by Reilly^® and Wolff.^'^ 
Nja described thickening of the aortic and mitral valves, the latter 
showing knotty borders, as well as shortening and thickening of the 
chordae. The left ventricle was hypertrophied. There was no micro- 
scopic examination of these tissues. Yellow intimal plaques were ob- 
served in the aorta. 

Although the gross appearance of the heart valves might have sug- 
gested chronic valvulitis, histologic investigation rules out this inter- 
pretation. The thickening of the valves is produced entirely by the 
accumulation of vacuolated connective tissue cells, together with an 
increase of collagen fibers and ground substance. The identity of the 
ballooned cells is not unequivocally established except for those which 
show the typical nucleus of the Anitschkow cell. Their localization and 
close association with newly formed collagen fibers support the view 
that for the most part they are fibroblasts rather than histiocytes. At- 
tempts to demonstrate lipid substance in these cells have been unsuc- 
cessful. The same is true of the vacuolated cells in the spleen and 
liver, except that a small percentage of the vacuoles in the liver cells 
proved to be neutral fat. 

Stains with mucicarmine, thionin, and basic fuchsin for mucin, car- 
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ried out''on'liver tissue fixed in absolute alcohol, as well as the toluidine 
blue stain on formalin-fixed tissue (mitral vaftve, aorta) also have been 
negative. • ' 

Reilly found, in the cytoplasm of;J)olymorphonuclear leukocytes in 
the peripheral blood, sternal marrow, and spleen, coarse granules which 
stained dark lilac with Giemsa’s stain and which sometimes were 
eosinophilic. He observed these in 4 of 8 cases examined. Such gran- 
ules were not observed in the present case. 

Lesions of endocrine organs have been looked for by many writers, 
in an attempt to find an explanation for the pathogenesis of gargoyl- 
ism. Reilly reported 3 cases of “an atypical familial endocrinopa- 
thy,” which he later on included in the syndrome of gargoylism.'^® In 
one of these, autopsy had revealed changes in the thyroid and anterior 
lobe of the pituitary gland, as well as an enlarged th3mius. Ashby and 
co-workers ^ mentioned changes in the thyroid gland and a large 
thymus in their 2 cases, and enlargement and hyperplasia of chromo- 
phobe cells of the pituitary body in one. Kressler and Aegerter ® de- 
scribed the pituitary gland as enlarged and showing “infiltration” of 
chromophobe cells. In de Lange’s case,^*^ the pituitary gland showed 
degenerative changes and loss of chromophobe cells. These findings 
are not consistent, and no noteworthy changes have been found in the 
endocrine organs by other authors. In the present case the th3n:oid, 
pituitary body, thymus, adrenals, and ovaries were essentially normal. 

The bone changes form a prominent part in the disease complex of 
gargoylism. Their role in the pathogenetic mechanism of this condition 
has been the subject of much thought and controversy. De Rudder ^ 
felt that the dysostosis is not necessarily related to what he calls 
“Phosphatiddiathese” (corneal changes, changes in the central nervous 
system, hepatosplenomegaly), but that each is transmitted through a 
recessive gene, and that the complex of Hurler’s dysostosis results only 
when the two genes combine. In other words, he believed that the 
skeletal changes in gargoylism are unrelated to a general metabolic 
disorder. 

It, seems that only with a better knowledge of the genetic, anatomic, 
and chemical substrate may the role of the chondrodystrophic changes 
within this disease complex be elucidated. 

The chondrodystrophic nature of the skeletal deformities has been ap- 
parent ever since the syndrome was first recognized, and the skeletal 
changes are the most constant clinical feature of this disease. In 
analogy with other known chondrodystrophies, this was thought to be a 
genetically determined anomaly. The first post-mortem studies of 
gargoylism did not concentrate on the histologic features of the bone 
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changes. At the most, the bone marrow was examined for Kpid-storing 
cells which were never found. Kressler and Aegerter ° reported that 
microscopic examination of bone revealed “normal ossification and 
healthy bone growth.” Among the first to call attention to the histo- 
logic bone changes were Washington, Kny,^^ and Schmidt.^^ Wash- 
ington summarized the changes in the epiphyses as follows: Shortness 
of the zone of proliferating cartilage indicating slowness of cartilage 
growth, and formation of trabeculae disposed horizontally along the 
under surface of the epiphyseal cartilage as a result of the slowness of 
the process of endochondral ossification. The bony trabeculae lack cal- 
cified cartilage ground substance as a basis for the osteoblasts to 
build on. Washington mentioned storage in endosteal cells and osteo- 
blasts, without elaborating on this finding. 

Kny also stressed that, while ossification was essentially normal, 
the growth process was markedly slow, particularly in the region of 
endochondral ossification. According to the classification of Kauf- 
mann,^'^ this is characteristic of chondrodystrophy of the hypoplastic 
t3^e. Schmidt found what he considered lipoid storage in cartilage 
cells in the epiphyses, being able to stain some of the granules in their 
cjdoplasm with the Smith-Dietrich method for lipoids. This storage 
was found mainly where normal proliferation of epiphyseal cartilage 
had failed to take place. He thought that the lipoid storage inter- 
fered in some way with normal endochondral ossification. Thus he was 
the first to attempt an explanation of the chondrodystrophy as an 
integral part of the disease complex of gargoylism, rather than as an 
independent phenomenon as had been suggested previously (de Rud- 
der®). Schmidt’s findings as to lipoid storage in cartilage cells could 
not be confirmed by Kny, nor could I do so. 

As for the periosteum and perichondrium, Schmidt’s findings dif- 
fer markedly from those in the present case. In the vertebra he 
described the periosteum as thickened, but no mention was made of 
the vacuolated cells observed by me. In the neck of the radius 
Schmidt found thickening of the cambium layer under the fibrous 
periosteum, but no abnormal cells. Since no membranous bones were 
examined by Schmidt, he did not elaborate on the pathogenesis of their 
deformity. Washington felt that the deformity of membranous bone 
in the skull could not be explained along with the chondrodystrophy, 
and he attributed it to a deficit in the “blastemal capsule” of the top 
of the skull. Sections through portions of the cranial vault in the 
present case showed vacuolated cells in the periosteum, and it is 
thought, therefore, that the disturbance of the fimction of the perichon- 
drium and periosteum leads to the skeletal deformities. By what 
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mechanism this takes place is still open to question, especially since 
we do not know the nature of the severe changes in the bone-forming 
and other connective tissues. 

An interesting histologic observation is that of the periosteal band 
[Perioststreifen] in a rib, which is a common finding in chondrodys- 
trophy (Landauer . 

The similarities and differences of gargoylism, chondrodystrophy, 
pleonosteose (Leri), Morquio’s disease, and other hereditary diseases 
of the skeletal system have recently been discussed by Noller and 
Debre and co-workers.^® A case of chondrodystrophy combined with 
mental retardation and bilateral corneal clouding was reported by 
Troster,®® who discussed its relation to gargoylism. Autopsy failed to 
reveal the typical changes of amaurotic idiocy in the brain and the 
characteristic visceral involvement of gargoylism. The nature of the 
corneal clouding was not investigated. 

It appears that although the syndrome of gargoylism generally is 
very uniform, there are cases which do not present the fully developed 
clinical picture. These are so-called intermediate forms, or formes 
frustes, which share features both with gargoylism and with other 
known diseases having apparently a similar anatomic and genetic 
substrate. For example, the group of cases reported by Jervis,^^ which 
have been discussed above, belongs in this intermediate class. Cases 
with normal or almost normal mentality have been reported by Hun- 
ter,^ Reilly,^® Lahdensuu,®® Nonne,®^ Liebenam,®^ Cocka5me,®® and 
others. One has to assume that the central nervous system in these 
cases lacked the severe changes described in some post-mortem studies. 
Nevertheless, the other stigmata of gargoylism were present in the 
majority of these patients, except for the absence of corneal clouding 
in some. Absence of corneal changes is mentioned also in the case 
reports of Ross, Hawke, and Brown, Lurie and Levy,®^ Debre and 
co-workers,®® Nja,®® and de Lange and Woltring.®^ In all reported in- 
stances of gargoyhsm with normal corneae the patients were males, 
and usually the disease was present in siblings or, as in Nja’s report, 
in 5 male members of one family. Nja’s postulation of gargoylism of 
a special sex-linked type with normal corneae is of interest in this 
connection. 

De Lange and Woltring ®^ were hesitant to consider their 2 cases as 
examples of gargoylism because of the absence of corneal clouding, 
kyphosis, and widening of the sella; also, because mental retardation 
was not very marked. They designated them as “typus E” after the 
initial of the patient’s family name. The photographs of the patients, 
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showing the typical facies and dwarfism, the presence of hepatospleno- 
megaly and skeletal deformities, seem to justify the inclusion of these 
cases in the group of gargoylism. In the meantime, one of the 2 
brothers has been autopsied at the age of 19 years (See Table II). 
The lack of cerebral changes is difficult to explain in view of manifest 
mental retardation at the time of the patient’s death. It appears that 
in the case of typus E, lesions were most striking in mesenchymal 
structures such as the perichondral tissues of the larynx, trachea, bron- 
chi, and elbow joint, and in the heart valves and aorta. What is de- 
scribed as a “chondroid” appearance of the heart valves and of the 
perichondrium may very well be identical with the changes described in 
the present case of gargoylism. It is not quite clear what the writers 
meant by mucoid degeneration of the connective tissue; possibly it 
corresponds to the peculiar swelling of the ground substance described 
in the heart valves of the case here reported. It is possible, but not 
proved, that in the case of t5q)us E, vacuolation of the liver cells was 
due entirely to deposition of glycogen. Mild cirrhosis of the liver has 
been observed by others in typical cases of gargoylism. The lack of 
storage in the spleen apparently does not speak against gargoylism. 
Discrepancy in the skeletal findings may be accounted for by the dif- 
ference in age at the time of death of the case of typus E and of this 
case. It appears that t3q)us E constitutes a most interesting link be- 
tween the formerly described classical cases of gargoylism and the 
case reported here. Several genetic mechanisms may account for the 
variability in the expression of gargoylism and other hereditary dis- 
orders. One of these is the existence of genetic or environmental modi- 
fiers similar to those which have been demonstrated in genetic studies 
in laboratory animals, for instance, taillessness in the rat.®° Another 
possibility is that the severity and the time of onset vary with the mode 
of inheritance (dominant, recessive, or sex-linked) as has been demon- 
strated for retinitis pigmentosa °° and peroneal atrophy 

It has been suggested that histologically or biochemically detect- 
able storage of substances may be due to a genetically determined 
enzyme deficiency.®®"'^” In some of the human storage diseases the 
accumulated substance has been chemically identified. It is glycogen in 
von Gierke’s disease, sphingomyelin in Niemann-Pick’s disease, kera- 
sin in Gaucher’s disease, neuramic acid in Tay-Sach’s disease. In gar- 
goylism chemical identification has not been possible until now.* How- 
ever, tlie morphologic similarity of the histologic changes with those 
in other storage diseases suggests that here too the basic abnormality 

* Chemical investigation of organs in the case here reported is being carried out. 
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is a hereditary disturbance of metabolism. Thannhauser and Schmidt 
have stressed that the stored substance accumulates not only in the 
reticulo-endothelial system, but in many tissue cells as well. They 
therefore assumed that intracellular metabolism is disturbed in these 
diseases. The involvement of a variety of tissue cells, and particularly 
of the connective tissues, in gargoylism seems worth mentioning in 
this connection. 

It seems premature to conclude that gargoylism is a lipid storage 
disease, as long as the stored substance is unknown. The presence of 
cells with a foamy cytoplasm is not necessarily the result of storage 
of fat or fat-like substances. It occurs in glycogen storage disease, 
and has been produced in experimental animals after the administra- 
tion of nonlipid substances of high molecular weight."^^ 

Summary 

A case of gargoylism in a 3 -year-old girl, with gross and microscopic 
post-mortem examination, provided an opportunity for comparing the 
reported findings with those in the present example. 

The previously described lesions in the central nervous system, eyes, 
skeleton, and visceral organs are for the most part confirmed. Empha- 
sis is placed on striking alterations in. the connective, tissues of the 
viscera, cardiovascular system, and skeleton, which hitherto had not 
been observed. These are characterized by the presence of large 
vacuolated cells, probably fibroblasts for the most part, in association 
with a proliferation of collagenous fibers and sometimes with an in- 
crease of ground substance. 

These alterations have a role in producing some of the character- 
istic clioical manifestations of gargoylism (hydrocephalus, skeletal 
deformities, cardiac symptoms). 

The nature of gargoylism must be considered in its relation to the 
known diseases of lipid metabolism (amaurotic idiocy, Niemann-Pick’s 
disease, Gaucher’s disease). The inclusion of gargoyhsm in the group 
of storage diseases is suggested because of the evidence of storage 
in many cells of the body, and because of the similarity of the changes 
in the central nervous system with those in amaurotic idiocy; but the 
chemical nature of the stored substance thus far has not been identi- 
fied. It appears that there is a widespread disturbance of intracellular 
metabolism resulting in the accumulation of an abnormal substance in 
many cells of the body. However, the question whether gargoylism is 
a form of lipidosis must remain open. 

I wish to express my sincere appreciation to Dr. P. Klemperer for his invaluable 
guidance in preparing this paper. 
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Plate 13S 

Fig. I. T3^ical gargoyle facies of patient (post-mortem photograph). 

Fig. 2. Roentgenogram of skull showing the marked scaphocephalic deformity. 

Fig. 3. Heart. Hypertrophy of the left ventricle. .Nodular, fleshy thickening of 
the mitral valve. Shortening and thickening of the chordae tendineae. 

Fig. 4. Heart. Concentric hypertrophy of the left ventricle. Thickening of. the 
parietal endocardium in the aortic outflow tract. Thickening of the aortic 
valve leaflets. Intimal plaques in the ascending aorta. 

Fig. 5. Lumbar spine. Sagittal section through vertebral bodies showing deformity 
with “beaking” of the antero-inferior portions. (The anterior border of the 
vertebrae corresponds to the upper border of the figure.) 
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Plate 139 

Fig. 6. Myocardium. Patch of interstitial fibrosis containing vacuolated cells. 
Hematoxylin and eosin stain. X 475- 

Fig. 7. Mitral valve and left atrium. There is striking thickening of the atrial endo- 
cardium and the mitral valve. Hematoxylin and eosin stain. X 10. 

Fig. 8. Mitral valve. The valve is made up of large vacuolated cells associated with 
thick bands of collagen fibers and a homogeneous ground substance. Some of 
the cells are arranged in rows. Hematoxylin and eosin stain. X 475. 

Fig. 9. Aorta containing a large intimal plaque. Weigert’s elastica and van Gieson’s 
stain. X 10. 


8S2 






Plate 140 

Fig. 10. Intimal plaque in a branch of the superior mesenteric arter}\ Hematoxylin 
and eosin stain. X 75. 

Fig. II. Liver. The. liver cells are enlarged and have a honeycombed appearance 
due to diffuse vacuolization. There is no fibrosis. Mallor\’'s aniline blue-orange 
G stain. X 380. 

Fig. 12. Spleen. The endothelial cells lining the sinusoids are enlarged and vacuo- 
lated. The sinusoids are empty. The follicles are depleted of lymphocytes. 
There is no infiltration of the intersinusoidal reticulum. Mallory’s aniline blue- 
orange G stain. X 300. 

Fig. 13. Cornea. There are large vacuolated cells interposed between the corneal 
epithelium and the substantia propria, replacing Bowman's membrane. Hema- 
toxylin and eosin stain. X 475. 
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Plate 14 i 

Fig. 14. Rib. The center of the epiphyseal zone shows replacement of the pro- 
liferating cartilage by a vascular connective tissue containing vacuolated cells. 
A transverse plate of bone is laid down along the epiphyseal line. Hematoxylin 
and eosin stain. X 200. 

Fig. 15. Rib. Cortex with adjacent periosteum which is thickened and diffusely 
infiltrated with vacuolated, spindle-shaped cells. The vacuolated cells pene- 
trate into lacunae in the cortex. Hematoxylin and eosin stain. X 300. 

Fig. 16. Vertebra. The epiphyseal zone shows the cartilage in the resting stage. 
There is no evidence of proliferation or arrangement of cartilage cells in 
columns. Ossification is of the perichondral type. Hematoxjdin and eosin stain. 
X 200. 

Fig. 17. Vertebra. Epiphyseal zone shows fair proliferating activity of the cartilage 
and endochondral type of ossification (for comparison with Fig. 16). Hema- 
toxylin and eosin stain. X 200. 
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STUDIES ON PERIARTERITIS NODOSA 
III. The Differentiation Between the Vascular Lesions of 

Periarteritis Nodosa and of Hypersensitivity * 

1 

. Pearl M, Zeek, M.D., Carl C. Smith, Ph.D.,t and J. C. Weeter, MX). 

{From the Department of Pathology, Cincinnati General Hospital, Cincinnati, Ohio) 

Recent medical literature contains frequent reference to lesions 
which resemble periarteritis nodosa and which occur in certain cases 
of hypersensitivity to various substances, especially to the sulfona- 
mides. The occasional association of a necrotizing t3q)e of panarteri- 
tis with hypersensitivity has been recognized for many years. The 
identification of these lesions as those of periarteritis nodosa has not 
yet been proved. 

Recent studies in this laboratory on necrotizing panarteritis have 
revealed cases of two types which are recognizable both pathologically 
and clinically. One type is associated with hypersensitivity. For con- 
venience, in this report the lesions of this condition will be called hyper- 
sensitivity angiitis, both arteries and veins usually being involved. 
For the other type the term periarteritis nodosa will be retained. The 
term necrotizing panarteritis will be used generically to include not 
only the lesions of these two conditions, but also any other vascular 
lesions which are characterized at some stage in their development by 
necrosis and inflammation involving all three coats of vessel walls. 

In this report we will describe how periarteritis nodosa and h3rper- 
sensitivity angiitis differ morphologically. The clinical manifestations 
will be described in a subsequent report. One case of each type has 
already been reported, one by Williams and Zeek ^ and the other by 
Thompson and Zeek.^ 

Methods 

Tissues from experimental animals included those from 262 rats 
used in the 7 experiments of our first two studies on periarteritis no- 
dosa and 20 rats used in experiment 8 which will be described in 
this report. 

Human tissues were from 31 cases, with autopsies, as follows: 29 
cases of necrotizing panarteritis encountered in the Department of 
Pathology of the Cincinnati General Hospital over a period of 10 
years, and one case each from the Children’s Hospital and the Good 

♦Received for publication, August 6 , 1947* 

t Now at Institute of Medical Research, Christ Hospital, Cincinnati, Ohio. 
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Samaritan Hospital of Cincinnati, whicli we have had the opportunity 
to study through the courtesy of the pathologists of these hospitals. 

In two previous reports on periarteritis nodosa,^’ ^ we described the 
occurrence, and later the production, of periarteritis nodosa in rats 
which were made h3^ertensive by the silk-perinephritis method. In 
the 2 62 rats whose organs and tissues were examined both grossly and 
microscopically the occurrence of periarteritis nodosa was strictly lim- 
ited to those animals which had silk placed around both kidneys, or 
had silk around one kidney and the other one removed. Sixty-two of 
the rats thus treated presented tj^ical lesions of periarteritis nodosa 
at autopsy. The lesions were not found in any of 43 controls which 
were not operated upon, nor in various series of animals which had 
silk placed in the abdomen elsewhere than aroimd the kidneys, nor in 
any of 2 1 rats in which only one kidney was operated upon. In some 
cases an interval of i week or 10 days elapsed between the operations 
on the two kidneys, but this interval played no role in the production of 
periarteritis nodosa since lesions occurred with similar frequency in 
those rats which had both kidneys operated upon the same day. 

The statistical significance of these figures justifies the conclusion 
that in this series of rats periarteritis nodosa did not begin to develop 
before the day on which the second kidney was operated upon. For 
convenience this day is designated as the K-2 date, and is considered 
the earliest date of initiation of lesions. The length of life after that 
date in the 62 rats with periarteritis nodosa varied from 7 days to 
52 weeks. 

Although K-2 date is considered the earliest date on which the 
lesions could have begun, there is no reason to believe that lesions may 
not have begun after that date. However, some of the rats died 
within 7 to 14 days after operation and had well developed, t3q)ical, 
necrotizing exudative lesions in vessels (Fig. 8). Therefore, it is evi- 
dent that some of the lesions must have begun very soon after K-2 
date. 

On the other hand, sections from animals living 10 to 52 weeks 
after K-2 date presented not only scarring and distortion of vessel walls 
(Fig. ii) but also, in many cases, fresh, active lesions similar to those 
found in animals living less than 2 weeks. In many cases lesions of 
various ages were found in different vessels of the same organ. Thus 
it is evident that many of the animals which lived a long time after 
. operation had experienced multiple episodes of initiation of lesions, and 
whatever caused the lesions did not produce its effect once only, but 
recurred in bouts throughout the rest of the animal’s life even for as 
long as 52 weeks after onset of the first lesions. 
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To be classified as “positive” in our previous studies, a case had to 
present at least one typical, full-blown lesion of periarteritis nodosa 
(Fig. 8) in which there was fibrinoid necrosis of the wall of a small or 
- medium-sized artery, with an inflammatory cellular reaction of pleo- 
morphic type involving all three coats. One or more such lesions were 
found in each of the 62 rats. In 19 other rats arterial lesions were 
found which did not fulfill these criteria in all respects. These lesions 
were listed as “questionable.” No such lesions were found in any of 
the 43 controls, but similar lesions occurred in many of the 62 rats 
which presented also typical lesions of periarteritis nodosa. Some of 
the 19 rats which had “questionable” lesions only, were those which 
had died or were killed in less than 7 days after K-2 date. It seemed 
reasonable to consider such lesions as early stages of periarteritis 
nodosa. Experiment 8 was performed to furnish more material for the 
study of such early lesions. 

Experiment 8. Twenty young, healthy, white male rats, weighing 
between 315 and 435 gm. each, were obtained from a group of several 
hundred similar rats, the rest of which were used for other experiments 
and none of which showed any evidence of periarteritis nodosa grossly 
or microscopically. These 20 rats were operated upon and housed in 
a different building from that used in our previous experiments. On 
December 12 all 20 rats were subjected to a silk-perinephritis operation 
(silk was placed around one kidney and the other kidney was re- 
moved). As the operations proceeded, alternate kidnej’-s were wrapped 
or removed respectively. Nembutal anesthesia was used. Ether had 
been used in the previous experiments. One rat died during the oper- 
ation, another 2 hours later, and 3 died within the next 2 days. The 
other 15 were sacrificed with chloroform anesthesia on various post- 
operative days as follows; 3 on the 3rd day, 4 on the 7th day, 2 on the 
nth day, 3 on the 14th day, and 3 on the 24th day. Autopsies were 
performed and sections from the various organs and tissues were taken 
for microscopic study. All 12 rats which lived to the 7th postoperative 
day or longer presented one or more full-blown, typical lesions of peri- 
arteritis nodosa similar to that shown in Figure 8. Those dying on the 
first and second days after operation presented no recognized vascular 
changes other than perivascular edema. In those animals of this series 
and of our previous series which died on the 3rd to 6th day, departures 
from normal were found which undoubtedly presented the early stages 
of periarteritis nodosa. All gradations in the process have been seen in 
the numerous sections studied, and similar changes were never seen 
in any of the controls. Similar changes were frequently found in tissues 
from rats of our previous series which also presented both healed and 
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fresh lesions and had died during a time when new lesions were being 
initiated. 

Thus, our experiments on periarteritis nodosa have afforded us the 
opportunity of observing the very early lesions of this condition and 
of tracing their development for as long as 52 weeks after the earliest 
date of initiation of lesions. The illustrations show various stages 
which will now be described. 

Periarteritis Nodosa in the Rat 

First Stage. The first departure from normal in the vessels of the 
rats which were subjected to the silk-perinephritis operation appeared 
on the 2nd and 3rd days after K-2 date but were seen also in animals, 
dying at longer intervals, which presented also t5Tpical full-blown 
lesions. These early changes consisted of fragmentation, degeneration, 
and focal edema of adventitial collagen at the bifurcation of arteries of 
muscular type near the site of their entrance into viscera. Occasionally, 
a vessel seemed to be surrounded by a ring of edematous stroma, but 
more often the change was focal and eccentric. The departures from 
normal in this stage were not striking and had to be looked for carefully 
in the right places or they would have been missed. 

Second Stage. Proliferation of fibroblasts and histiocytes occurring 
in the focal areas of adventitial degeneration characterized the second 
stage, and was found in some rats on the 3rd day after K-2 date. The 
lesion occasionally appeared as a ring of fibroblasts surrounding the 
vessel (Fig. i) but more frequently was seen as an eccentric collection 
of somewhat h3rperchromatic cells in the adventitia (Fig. 2), often near 
a bifurcation, and often involving only the adventitia of the adjacent 
aspects of the two distal vessels. The lesion appeared to spread dis- 
tally, proximally, and circumferentially from the point of origin. Fre- 
quently the long axes of the proliferating fibroblasts lay at right angles 
to the axes of the smooth muscle fibers of the outer media, producing 
a radiation effect. Often the demarcation between the media and ad- 
ventitia was obliterated and the media seemed to fade out into the 
radiating zone of fibroblasts and histiocytes in the adventitia. Occa- 
sionally, among the first cells to infiltrate the adventitia were a few 
large, oval cells loaded with conspicuous round granules which had 
the staining qualities of mast cells when Giemsa’s and acid fuchsin 
stains were used. When the vessel lay in adipose tissue at the hilum 
of a viscus there was often marked histiocytic proliferation in the sur- 
rounding fat as though there were dispersion of some injurious sub- 
stance outward from the vessel wall. 



PERIARTERITIS NODOSA AND HYPERSENSITIVITY 893 

Third Stage. Necrosis and inflammatory exudation characterized the 
third stage and produced the typical full-blown lesions which have 
long been known as periarteritis nodosa (Fig. 8). The earliest appear- 
ance of such lesions after K-2 date was in 5 rats which died or were 
killed on the 7th day, and in 6 rats on the nth day. Necrosis ap- 
parently began in the outer media or inner adventitia, was never seen 
to be circumferential before exudation occurred, but often appeared as 
a streak of necrosis through the thickness of the media at a site near a 
bifurcation (Fig. 4). The necrosis appeared fibrinoid with hematoxylin 
and eosin, but with trichrome and Mallory’s aniline blue stains^^ the 
“fibrinoid” material stained more like hemoglobin than like fibrin. 

Inflammatory exudation followed rapidly; the cellular exudate was 
always pleomorphic in type and often included varying numbers of 
eosinophils. Foreign body giant cells were never found in these vascu- 
lar lesions. Fibroblasts and histiocytes also increased in numbers in- 
this stage, and new capillaries appeared in the adventitia giving to the 
perivascular nodules the appearance of granulation tissue. In some 
vessels necrosis and exudation rapidly involved the whole circumfer- 
ence and extended both distally and proximally from the points of 
bifurcation into the distal and proximal vessels. Often thrombosis 
and occasionally aneurysmal dilatation occurred at this stage. In some 
vessels the lesion progressed into the healing stage without involving 
more than a small sector of the vessel wall. 

Fourth Stage. In the fourth stage, healing occurred by the formation 
of granulation tissue (Fig. 10). Granulating lesions were common in 
tissues of rats as early as 2 and 3 weeks after K-2 date. 

Fifth Stage. The scars thus formed were so unusual in structure as 
to be possibly pathognomonic of healed, or fifth stage, periarteritis 
nodosa. They were characterized by a mass of vascularized fibrous 
tissue completely replacing a sector of a vessel wall which, with serial 
sectioning, was shown to be near a bifurcation of an artery of the 
muscular type, often in the hilar region of a viscus. In cases with 
extensive involvement, arteries distant from the hilar regions of cer- 
tain viscera also were affected. In some vessels the scarring was com- 
pletely circumferential in a given segment of a vessel (Fig. ii). In a 
few vessels the lesions presented scarring of the adventitia and a 
marked proliferation in the intima, sometimes with a canalizing, or- 
ganizing tlirombus, but with a normal-appearing media. Serial sections 
showed that such lesions were continuous with scars which bisected 
the media in a limited area only, while the adventitial and intimal reac- 
tion had extended distally and proximally from the initial point of 
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injury. To interpret lesions of periarteritis nodosa properly, it is essen- 
tial to think of them in terms of four dimensions — three of space and 
one of time. 

Scarred lesions of periarteritis nodosa occasionally became calcified. 
The calcium was deposited haphazardly in the hyalinized scar tissue, 
without any preceding atheroma, and with no predilection for any par- 
ticular part of the vessel wall. Thus the lesion can be differentiated 
readily from other common forms of arteriosclerosis (Fig. ii). 

Several observations concerning the gross distribution of the lesions 
seem noteworthy. No lesions of periarteritis nodosa were found in the 
arteries of the pulmonary circulation although they were looked for 
carefully in numerous sections from the different parts of the lungs. 
Many of the rats, including controls, had peribronchial lymphoid 
hyperplasia, and sometimes blood vessels as well as bronchi were sur- 
rounded by nodules of lymphoid tissue. This lesion should never be 
confused with periarteritis nodosa. When the heart and lungs were 
removed from the body en masse, hilar sections of the lungs often 
included other structures such as portions of the pericardium, heart, 
and esophagus. Vessels of these structures often presented lesions of 
periarteritis nodosa. In one case of widespread advanced lesions 
throughout the body, except in the lung, one small artery in the wall 
of a primary bronchus presented a t3^ical lesion. The bronchial arter- 
ies usually arise from the general systemic circulation and should not 
be confused with the pulmonary system. 

In over 90 per cent of our male rats with periarteritis nodosa in the 
abdomen or chest, lesions were found also in the primary branches of 
the spermatic arteries, near the site of their entrance into the testes 
and epididymides. This presents a site for biopsy in experimental 
animals (Fig. 6). Lesions were found far more frequently in this loca- 
tion than in sections of striated muscle from the same rats. 

In the early stages of periarteritis nodosa, the intrinsic vessels of the 
viscera usually were normal in appearance. In the late stages, small 
arteries in the portal areas of the liver, the arteries between the cortex 
and the pyramids in the kidneys, and most of the arteries in the pan- 
creas were involved. In the mesenteric vessels the lesion began in the 
arteries nearest the sites of the mesenteric attachments to the wall of 
the gut, and extended distally into the wall of the intestines from these 
points, and proximally to involve the larger rriesenteric arteries (Fig. 
^ 5 )- 

In the heart the first vessels to show departures from normal were 
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those at the base near the origin of the coronary arteries, and those in 
the subepicardial portion of the myocardium of the ventricles. For 
some unknown reason the arteries of the right ventricle often were 
involved before those of the left side. In late stages there often was 
widespread involvement of the coronary arteries, with extensive infil- 
tration of the myocardium and endocardium with histiocytes, and less 
frequently with other inflammatory cells. Small infarcts were common. 
No lesions similar to Aschoff bodies were found in any of these rats. 

Periarteritis nodosa of the splenic vessels was almost invariably 
limited to the larger arteries at the hilum. In only 2 cases did it extend 
into the spleen far enough to involve several arterioles. The follicular 
arterioles in 60 rats, with well developed lesions elsewhere, appeared 
normal, except for moderate arteriolar sclerosis. 

Veins were involved occasionally in cases with extensive lesions in 
arteries, but only by direct extension of the inflammation from an ad- 
jacent artery (Fig. 6) . Fibrinoid necrosis was not seen in veins in cases 
of periarteritis nodosa. Moderate sclerosis of arterioles of the type 
seen in hypertension was common in these rats. It is easily differen- 
tiated from periarteritis nodosa by the absence of cellular reaction and 
fibrinoid necrosis. 

Many of the rats developed infarcts and fibrosis of various viscera 
as the result of vascular occlusion by periarteritis nodosa. Some died 
from these lesions while others with less extensive lesions lived until 
sacrificed many months after operation. Those which died usually 
showed new lesions as well as old healed ones. 

Special stains have not given much aid in determining the cause of 
periarteritis nodosa. Elastic tissue stains revealed early loss of the 
external elastic lamella at the site of lesions. Foot’s reticulum stain 
showed marked proliferation of reticular tissue in the adventitia be- 
ginning in the second stage and becoming more marked as new capil- 
laries were formed in the third stage. Bacterial stains revealed no 
organisms related to the vascular lesions, although infected pus pockets 
often were found in the perinephritic hulls formed by the silk. As 
stated in a previous report, a variety of organisms were isolated, but 
similar ones also were found in the pus pockets related to silk placed 
around the spleens in 18 rats which did not develop any lesions of 
periarteritis nodosa. Therefore, the only role of organisms in the pro- 
duction of periarteritis nodosa in these series of rats seemed to be as 
follows: In rats with both kidneys operated upon, when the silk was 
contaminated by any of a variety of organisms, the perirenal tissue 
reaction was greater, tlie hull formed was heavier, the renal ischemia 
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was increased, the blood pressure was apt to be of ^a higher, spiking 
type, and the animal was more likely to present periarteritis nodosa 
at autopsy. 

Periarteritis Nodosa in Man 

The autopsy reports and the microscopic sections of 31 human 
cases of necrotizing panarteritis were reviewed and the findings com- 
pared with those in the rat. Special attention was given to vascular 
lesions which were in early, pre-exudative stages of development at the 
time of the patient’s death. In 15 cases, morphologic changes were 
foimd which furnished convincing evidence that the vascular lesions 
were of the same type as those in the rat (Figs. 3, 5, 7, 9, 12, 13, and 
14). The various phases of the early stages of the lesions were found; 
their relation to the bifurcation of vessels was evident in serial sec- 
tions; the distribution of the lesions, including their absence in the 
pulmonary circulation and in the arterioles of the spleen, was strikingly 
similar; and 12 cases presented, in addition to full-blown active lesions, 
healing stages of the characteristically scarred lesions of periarteritis 
nodosa. Three cases were acute and fulminating, the patients dying 
within a few weeks after the onset with involvement of multiple sys- 
tems. The lesions in these cases were comparable to those which were 
found in rats which died about 2 weeks after K-2 date. 

Hypersensitivity Anghtis in Man 

Seven of the other 16 cases in man presented vascular lesions which 
were different from those just described, but which were strikingly 
similar to one another. All of these cases had presented clinical evi- 
dence of hypersensitivity during the last month of life. In 6 cases the 
reaction followed the administration of some therapeutic agent, usually 
one of the sulfonamides. The lesions in these cases were widespread in 
the viscera, including the lung. The seventh case was that of a yoimg 
woman with a long history of severe asthma who died during an 
attack. The vascular lesions were of the type to be described, similar 
to those of the other 6 cases, but limited to the vessels of the lung. 

We have called the lesions in these 7 cases h3npersensitivity angiitis. 
The fully developed lesions consisted of fibrinoid necrosis of the walls 
of small vessels with pleomorphic cellular exudation within and around 
the vessel walls. This process was very similar to that seen in the 
third stage of periarteritis nodosa except that fibroblasts and new 
capillaries were absent or very inconspicuous and thus the formation 
of granulation tissue in and around the vessel wall was not seen (Fig. 
16). However, such lesions could easily be confused with those of 
periarteritis nodosa. To differentiate between them it was important 
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to observe the distribution of the lesions and the structure of the early 
lesions. 

In the 6 cases in which the lesions were widespread, they were found 
in the small intrinsic venules, arterioles, and small arteries of the 
viscera, including the lung (Fig. i8), while the larger arteries of the 
muscular type were rarely involved. The lesions showed no predilec- 
tion for sites of bifurcation although these were involved occasionally. 
Lesions were common in the walls of portal veins within the liver even 
when adjacent arteries appeared normal (Fig. 20). Fibrinoid necrosis 
occurred in veins as well as in arteries. The follicular arterioles in the 
spleen were extensively involved (Fig. 17), while the arteries at the 
hilum usually appeared normal. Frequently there was extensive in- 
flammation in the splenic trabeculae. This has been described as 
trabeculitis by More, McMillan, and Duff*" in cases of sulfonamide 
allergy. In our cases the inflammation often was limited to the intima 
of veins in the trabeculae, and occasionally there were small foci of 
necrosis in the vascular collagen (Fig. 19). Therefore, we consider this 
venous lesion as only another manifestation of the generalized vascu- 
lar disease of h3qDersensitivity. Cellular reaction alone in this location 
is not pathognomonic of hypersensitivity. It is common in many toxic 
and infectious conditions without other manifestations of allergy. 

The vascular lesions in the viscera were usually accompanied by 
edema of the interstitial tissue and small foci of necrosis. Occasion- 
ally, the interstitial tissue was infiltrated with inflammatory cells of 
various tjqjes, including eosinophils and eosinophilic histiocytes. All 
of these cases also presented an unusual type of necrotizing glomerulo- 
nephritis which was not seen in any of our cases of periarteritis nodosa, 
although 3 of the 15 presented the usual type of diffuse glomerulo- 
nephritis. In the cases of hypersensitivity the glomerular lesions (Fig. 
21) were characterized by exudation and necrosis rather than by the 
proliferation of epithelium and endothelium so common in the usual 
glomerulonephritis . 

A very important criterion in the differential diagnosis of these two 
types of vascular lesions concerns the structure of pre-exudative le- 
sions. In patients dying of periarteritis nodosa there are usually lesions 
in all stages of development and it is easy to find vessels which show 
early lesions. Even in our 3 acute fulminating cases the lesions were 
not all of the same age, although none had progressed much beyond the 
third stage. In our 6 cases of hypersensitivity all of the lesions ap- 
peared to be much more nearly of the same age and it was difficult to 
find pre-exudative lesions in patients who died within a few days after 
the onset of hypersensitivity. However, careful evaluation of other 
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factors already discussed aided in making the diagnosis in such cases. 
In patients who lived for several weeks, the vessels which were not 
normal, but which did not present full-blown lesions, showed fibrinoid 
necrosis of the intima and inner media, often completely surrounding 
the lumen. In some of the lesions the entire wall of small vessels 

1 

presented fibrinoid necrosis without any cellular reaction, but this was 
unusual. Inflammatory reaction evidently followed necrosis promptly. 

No evidence of healing was seen in any of our cases of hypersensi- 
tivity. Although certain morphologic manifestations of the hj^er- 
sensitive state (such as acute nonsuppurative interstitial nephritis, 
hives, and interstitial edema of viscera) regress, leaving no landmarks, 
it seems unlikely that the necrotizing lesions of arterioles, such as com- 
monly occurred in the splenic follicles in these cases, could ever 
heal completely, leaving no stigmata. One wonders whether the peri- 
arteriolar follicular fibrosis and the chronic degenerative changes in 
vascular collagen of disseminated lupus erythematosus could possibly 
be the manifestation of chronic or repeated hypersensitivity. These 
and certain other lesions of the condition would fulfill satisfactorily 
our expectations of the morphology of' chronic hypersensitivity angi- 
itis. 

Other Types of Necrotizing Panarteritis in Man 

So far, two morphologic t5^es of necrotizing panarteritis have been 
presented, which include 22 of our 31 cases. Probably there are other 
t5T)es to be recognized in the future. The remaining g cases presented 
lesions which did not satisfactorily fulfill the criteria -established for 
the two categories discussed. In some of these the variations in the 
lesions of periarteritis nodosa were caused by the presence of other 
disease which also affected vessels, such as S5^hilis, brucellosis, and ' 
rheumatic fever. For the sake of clarity these cases were omitted from 
the series discussed. A case of fulminating tuberculous meningitis pre- 
sented necrotizing panarteritis of the meningeal arterioles and venules 
very similar to hypersensitivity angiitis, but with the added component 
of tuberculous reaction with giant cells. That these lesions reflected 
an allergic state is in agreement with our present concept of this form 
of tuberculous disease. 

Two of the 9 unclassified cases presented lesions which may repre- 
sent a combination of hypersensitivity angiitis and periarteritis nodosa. 
A discussion of this subject would be incomplete without mention of ' 
the fact that allergic reactions occasionally occurred in the terminal 
stages of cases of long-standing periarteritis nodosa in which careful 
clinical studies over periods of several years revealed no other mani- 
festations of allergy. Four of the 15 cases of periarteritis nodosa, for 
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no apparent reason, suddenly developed urticaria and eosinophilia dur- 
ing the last few weeks of life, with no previous recognized manifesta- 
tion of allergy. Two of these had been diagnosed periarteritis nodosa 
by biopsy before the appearance of urticaria. Another case had a long 
history of disease of multiple systems with fever, tachycardia, h3TDer- 
tension, and polyneuritis. Three of the 4 cases presented at autopsy 
many older lesions which certainly long antedated the only recognized 
clinical manifestation of allergy. None of these 4 cases presented any 
lesions of the t3rpe classified above as hypersensitivity angiitis. The 
basis for individual variations in the manifestations of allergy still 
remains a mystery. 

However, considering these 4 cases, it was not surprising that in 2 
other cases (listed in this report as unclassified), which presented 
terminal allergic manifestations clinically, lesions of both types were 
found. In these cases also, no clue to the cause of the hypersensitivity 
was found in the clinical data. An interesting conjecture is whether 
the patients could have become sensitized to some abnormal protein 
substance produced by the extensive necrosis of their vascular tissues. 
Such combinations of lesions, as well as the morphologic similarity 
between their full-blown stages, account for much of the confusion 
between the two conditions. 

Certain Comments on the Literature of Necrotizing 

Panarteritis 

Since the entrance of the sulfonamides into the field of therapeutics 
many case reports have been added to the already voluminous litera- 
ture on necrotizing panarteritis. Many authors have limited their 
descriptions of lesions to the statement that their cases presented the 
“t5^ical lesions of periarteritis nodosa.” A review of the more detailed 
descriptions in the available medical literature of over 200 cases which 
were called periarteritis nodosa or one of its common synonyms such 
as polyarteritis nodosa or necrotizing panarteritis, has failed to reveal 
any one morphologic change common to all cases, except that at some 
time during the evolution of the lesions some pathologic change in- 
volved the entire thickness of the vessel walls. This change usually 
was described as '‘fibrinoid” necrosis, which is still an ill defined 
entity both chemically and pathogenetically, if not morphologically. 

According to the literature * the degenerative process may begin in 
the intima and spread outward (Graf,® Weir "), or in the adventitia 


*For the sake of brevity, only a few representative references arc given for each 
of Uie folloning opinions. More complete bibliographies may be found in several of the 
articles to whidr reference b made. 
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and spread inward (Kussmaul and Maier,® Ophuls, ° Jacobsen^®), or 
in the media and spread both ways (Arkin,^^ Monckeberg, Licht- 
man, Stickney, and Kernohan^^). The exudate may be composed 
chiefly of eosinophils (Ophuls °), or be pleomorphic (Arkin,^^ 
Grant or may even contain giant cells (Weinberg,^” Cabot case 

31241 The lesions may be predominantly in arterioles (Miller and 

Nelson , or may involve small and medium-sized arteries of the 
muscular type (Kussmaul and Maier,® Haining and Kimball ^®). There 
may be either extensive or rare involvement of veins, or of the pul- 
monary arteries. Lamb^” reported: “While the pulmonary arteries 
almost regularly escape, it is not at all imcommon to find the lesion in 
the bronchial arteries.” Barnard and Burbury noted that the “pul- 
monary arteries are elastic arteries and the arteries most commonly 
affected in polyarteritis nodosa are muscular arteries and this may give 
some clue to the aetiology of the disease.” In the Cabot case 25141,^^ 
Mallory commented: “One pulmonary artery showed a lesion which 
was very suggestive of periarteritis nodosa. This is the first time I 
have seen a lesion in a pulmonary artery, though we have seen them 
in the bronchial arteries.” Lichtman, Stickney, and Kernohan^® re- 
ported a case in which the “microscopic examination disclosed exten- 
sive arteritis of most vessels of practically every organ in the body 
except the retina of the eyes and lungs.” In a case reported by Herbut 
and Price which presented widespread lesions of periarteritis nodosa 
“the vessels of the lungs and spleen were not involved.” On the other 
hand, Ophuls, Monckeberg, and others have reported cases in which 
changes in the pulmonary arteries were marked. 

Many of the reported cases, with detailed microscopic descriptions 
of lesions, can be classified according to the criteria in this report. 
Without concern, at present, for the possible variations in the clinical 
manifestations of these two conditions, the differences in the structure 
and distribution of the lesions suggest a difference in cause. 

Summary 

The various stages in the development of experimentally produced 
lesions of .periarteritis nodosa in rats were observed, from the time of 
their initiation until 52 weeks later. Similar lesions were found in each 
of 15 cases in man. Seven other cases in man, which were associated 
clinically with hypersensitivity, presented vascular lesions of a differ- 
ent type and distribution which were designated hypersensitivity an- 
giitis. 

Periarteritis nodosa can be differentiated from hypersensitivity angi- 
itis by (i) the morphologic characteristics of early pre-exudative le- 
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sions, (2) the distribution of the lesions in relation to the bifurcation 
of vessels, (3) the size and type of vessels primarily affected, and (4) 
by the presence or absence of lesions in the splenic follicular arterioles 
and in the arteries of the pulmonary circulation. 
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Plate 142 

Fig. I. Periarteritis nodosa in the rat. Proliferative lesion, 7 days. Pancreas. 
Figures i, 4, and 7 are from the same rat. Hematoxylin and eosin stain. 
X 280. 

Fig. 2. Periarteritis nodosa in the rat. Early proliferative lesion, 3-day stage. Myo- 
cardium. Hematoxylin and eosin stain. X 650. 
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Plate 143 

Fig. 3. Periarteritis nodosa in man. Proliferative lesion. Gallbladder. For com- 
parison with Figure i. Hematoxylin and eosin stain. X 325. 

Fig. 4. Periarteritis nodosa in the rat. Early necrotizing lesion at the bifurcation 
of an artery between the pancreas and spleen, 7 days. Hematoxylin and 
eosin stain. X 160. 




Plate 144 

Fig. 5. Periarteritis nodosa in man. Early necrotizing lesion in an arterj”^ near the 
suprarenal gland. Radiating fibroblasts and streaks of beginning necrosis 
are present in the media. Hematoxylin and eosin stain. X 160. 

Fig. 6. Periarteritis nodosa in the rat. Necrotizing lesion in a spermatic artery, 
7 weeks. Hematoxylin and eosin stain. X 160. 

Fig. 7. Periarteritis nodosa in man. Necrotizing lesion in the wall of the intestine. 
For comparison with Figure 6. Hematoxylin and eosin stain. X 160. 
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Plate 145 

Fig. 8. Periarteritis nodosa in the rat. Necrotizing exudative lesion, 7 days. Pan 
creas. Hematoxylin and eosin stain. X 160. 

Fig. 9. Periarteritis nodosa in man. Necrotizing exudative lesion at the bifurcation 
of a cystic artery. Hematoxylin and eosin stain. X 85. 
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Plate 146 

Fig. 10. Periarteritis nodosa in the rat. Lesions healing by granulation tissue for- 
mation, 4 weeks. Renal pelvis. Hematoxylin and eosin stain. X 163. 

Fig. II. Periarteritis nodosa in the rat. Healed, calcified lesion, 10 weeks. Splenic 
artery. Hematoxylin and eosin stain. X 58. 
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Plate 147 

Fig. 12. Periarteritis nodosa in man. Healed lesion. Coronary artery. There is 
localized loss of the media. Hematoxylin and eosin stain. X 85. 

Fig. 13. Periarteritis nodosa in man. Healed lesion. Coronary artery. Hematoxylin 
and eosin stain. X 30. 

Fig. 14. Periarteritis nodosa in man, from the same case as seen in Figure 13. 
Biopsy of a necrotizing exudative lesion of a gastrocnemius muscle, 47 days 
before death. Hematoxylin and eosin stain. X 160. 
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Plate 14S 

Fig. 15. Periarteritis nodosa in the rat, 15 weeks. Nodules are present in mesen- 
teric arteries at the mesenteric attachment to the intestine. 

Fig. 16. Hypersensitivity angiitis in man. Kidney. Hematoxylin and eosin stain. 
X 160. 

Fig. 17. Hypersensitivity angiitis in man. Splenic follicle. Hematoxylin and eosin 
stain. X 160. 

Fig. 18. Hypersensitivity angiitis in man. Lung. Hematoxylin and eosin stain. 
X 160. 
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Plate 149 

Fig. 19. Endophlebitis in a splenic trabecula, from the same case as Figure 17. 
Hematoxylin and eosin stain. X 160. 

Fig. 20. Hypersensitivity angiitis in portal vein of the liver from the same case as 
Figure 16. Hematoxylin and eosin stain. -X 160. 

Fig. 21. Necrotizing diffuse glomerulonephritis, from the same case as Figures 17 
and 19. Hematoxylin and eosin stain. X 160. 
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CONGENITAL ALVEOLAR DYSPLASIA OF THE LUNGS * 

H. Edward MacMahon, M.D. 

{From the Department of Pathology and Bacteriology of Tufts College Medical School, 
Boston, the Boston Floating Hospital and Mount Auburn Hospital, Cambridge, Mass.) 

The purpose of this paper is twofold; first, to describe an interesting 
morphologic anomaly of the lungs which has been referred to as con- 
genital alveolar dysplasia,^ and second, to distinguish this anomaly 
from fetal atelectasis with which it has constantly been confused. 
Congenital alveolar dysplasia is characterized anatomically by a de- 
fective and hypoplastic development of pulmonary alveoli. In an 
extremely severe case there are not enough alveoli to sustain life, and 
death within the first 48 hours results. Clinically, the story is that of 
a full-term child showing respiratory distress and progressive and 
intractable cyanosis. The correct diagnosis in such a case is usually 
fetal atelectasis, since it is generally acknowledged that this condition, 
namely, fetal atelectasis, is often responsible for just such a clinical 
picture. What has not been generally recognized — and this seems im- 
portant-^is the fact that a primary congenital anomaly of pulmonary 
alveoli also can produce the same clinical syndrome. 

There has been no attempt in practice to separate cases showing this 
anomaly or malformation from those associated with atelectasis, and 
for this reason it seems justifiable to consider what the terms ‘‘atelec- 
tasis” and especially “fetal atelectasis” imply. Atelectasis means an 
alteration in the normal physical state of lung tissue in which healthy 
pulmonary alveoli show varying degrees of collapse. This is accom- 
panied by a relative increase in the capillary bed and, because of 
defective ventilation in the involved portion of lung, the area becomes a 
deep cyanotic red. Atelectasis is often complicated by such local dis- 
turbances in circulation as congestion, edema, and hemorrhage. There 
may be superimposed infection and, in the case of the newborn, atelec- 
tasis may be partly obscured by the aspiration of amniotic fluid. ‘When 
free from these complications, atelectasis is a very simple and reversible 
pathologic change. 

Atelectasis may be induced in a number of ways. \^Tien healthy lung 
parenchyma is compressed, it is known as coniprcssioit at elect dsis. If 
a bronchiole is completely obstructed, the air distally becomes resorbed 

*Read before the Fifth International Pediatric Congress, Boston Floating Hospital, 
Boston, Massachusetts, July 23? ^ 947 * 

Received for publication, August 12, 1947. 
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and the alveoli collapse. This is referred to as obstruction atelectasis, 
A third type that is also associated with the resorption of residual air 
is seen in children who are very ill and show a very limited respiratory 
excursion. Under these circumstances, the portions of collapsed lung 
tissue are usually confined to the paravertebral areas. Atelectasis of 
this type is likely to be bilateral and nearly S3Tnmetric. It has been 
suggested that this form of atelectasis may at times represent a termi- 
nal process, since it is found more commonly at autopsy than is sus- 
pected during life. Because this is usually associated with weak and 
shallow breathing, it may be designated as hypopneic atelectasis to 
distinguish it from other forms. There is a fourth category, and this 
is seen when normally developed lung parenchyma of a premature or 
full-term child fails to expand. This is commonly referred to as fetal 
atelectasis. It is a frequent finding in the newborn at the autopsy 
table, and is a well recognized basis for respiratory failure, as- 
phyxia, and death. In such cases, it is the duty of the pathologist to 
search for all factors responsible for this atelectasis since it must be 
remembered that fetal atelectasis is not a primary structural deformity, 
but only an alteration in the normal physical state in which, for one 
or a number of reasons, normally developed and expandable alveoli 
haye failed to dilate. Farber and Wilson,^ in an excellent review and 
discussion of atelectasis of the newborn, have referred to still another 
form. This, they have pointed out, is found in all premature infants. 
The extent of this form of atelectasis is simply proportional to the 
degree of prematurity of birth. It is characterized by the presence of 
areas of unexpanded, developiug pulmonary tissue in the form of solid 
end-knobs of epithehal cells, known as pneumoneres, which are in- 
capable of expanding. It is debatable whether one should refer to such 
areas as atelectatic since this term usually implies that the involved 
alveoli are already developed and capable of expansion. 

In contrast to these varied forms of atelectasis, congenital alveolar 
dysplasia may be considered a primary malformation of pulmonary 
alveoli, the pattern of which suggests a severe retardation in normal 
alveolar development. Its etiology is obscure. It varies in extent and in 
degree. It may involve both lungs uniformly or only a portion of a 
siugle lobe. When the lesion is minimal, even though diffuse, it is com- 
patible with life, but when the changes are severe, it leads to early 
death. It apparently has its origin in early embryonal development, 
probably dating back as far as the tenth or twelfth week of intrauterine 
life. It has been found in identical twins and it has been encountered 
with and without developmental anomalies in other organs. 
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Gross Findings 

Lungs of mature newborn children showing diffuse pulmonary alve- 
olar dysplasia appear well formed. They are large as though distended, 
and each lung fills its corresponding pleural cavity. The lungs are 
firm, rubbery, and dark red. There is little or no crepitation and they 
seem almost airless. On placing the whole lung in water, it sinks slowly 
or remains suspended below the surface. Minute snippings vary in 
this respect, some sink and others float. Each lung weighs about 10 
gm. more than is normal for the newborn child. The lungs are fleshy 
and may be easily cut in narrow strips. The freshly cut surfaces are dark 
red and little fluid may be expressed on pressure. In this fresh state, and 
without freezing or any form of fixation, the lungs may be immediately 
examined microscopically, allowing a more accurate diagnosis to be 
made. Utilizing a rapid section technic,® thin sections cut with a razor 
blade may be prepared by drawing a dry slide, previously stained with 

1 per cent toluidine blue, across the freshly cut surface. Such prepa- 
rations will reveal an excess of interstitial tissue that is rich in capil- 
laries. This surrounds a few isolated and sometimes overdistended 
pulmonary alveoli. 

It must be admitted that such lungs may resemble those showing 
diffuse atelectasis complicated by congestion or edema, or by the 
aspiration of amniotic fluid. An accurate gross diagnosis of any pul- 
monary disease in the newborn child may be difficult, and because 
some are so similar, the less common and less conspicuous are often 
overlooked. 

Histologic Findings 

The most striking change involves the alveolar spaces and their 
walls. There are too few alveoli and there is far too much interstitial 
tissue (Fig. i). Some of these spaces are very small, while others are 
so abnormally distended as to suggest congenital alveolar ectasia (Figs. 

2 and 3). Most of the alveoli are empty, but some contain an eosino- 
philic material (Fig. 4) that varies in texture from hyaline to granular. 
This substance clings to the surface of the alveoli like an inner lining, 
and although few disintegrating cells are enmeshed in this substance, 
it contains no cornified cells to suggest that it results from the aspira- 
tion of vernix. Nests of flattened epithelial cells and numerous dilated 
capillaries provide an inner surface for the alveoli. There is no demon- 
strable basement membrane limiting their walls and much of the inner 
surface appears to be bare of epithelium. Their walls are many times 
thicker than is normal and this accounts for an almost complete 
reversal in the ratio of air space to stroma (Fig. 5). The walls are 
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composed of mesenchymal tissue of an embryonal tjqpe and an exceed- 
ingly rich network of dilated capillaries. This mesenchyme, in turn, is 
made up of an abundance of relatively imdifferentiated fibroblasts held 
loosely together by a scarcely detectable intercellular ground substance. 
Sections prepared with Mallory’s acid fuchsin-aniline blue stain show 
well formed collagen fibrils in the pleura, in the interlobular septa, and 
about the larger vessels and bronchi, but fail to reveal a network of 
mature collagen in the thick walls of the alveoli. Usually collagen is 
readily demonstrable in the walls of normally developed alveoli. The 
material noted earlier in some of the alveoli assumes var5dng shades 
of red with this connective tissue stain but it lacks the brilliance and 
fibrillation of fibrin. No elastica is demonstrable in the walls of the 
alveoli in this condition, but this is not surprising since elastic fibrils 
are very seldom found at this early age in such areas in normally 
developed lung tissue. 

A second, but less constant and less conspicuous finding in the lungs 
showing congenital alveolar dysplasia is an exaggerated demarcation 
of the lobules by abnormally wide interlobular septa. Broad edematous 
tracts of loose connective tissue composed of few fibroblasts, little 
collagen, dilated capillaries, and lymphatics separate one lobule from 
another. Occasionally, small islands of hematopoietic tissue are found 
in the interalveolar mesenchymal tissue.. 

This rather simple picture of a lung showing too much stroma and 
too little air space may be complicated by congestion, edema, and 
hemorrhage. Such lungs may also show aspiration of amniotic fluid 
or infection with subsequent inflammation. In addition there may be 
small foci of atelectasis. Any of these complications may obscure an 
underlying congenital anomaly involving the alveoli and their walls. 

Clinical Findings 

The clinical findings in congenital alveolar dysplasia • can best be 
studied by considering the records of 3 typical cases. Each of these 
had been diagnosed clinically as fetal atelectasis, and in subsequent 
clinicopathologic conferences this same diagnosis was consistently 
upheld by all physicians who entered into the discussion. My attention 
was first drawn to this condition in the course of an autopsy on a full- 
term male infant who died on the day following delivery. 

A i-day old infant was referred to the Boston Floating Hospital * because of 
cyanosis and respiratory difhculty. The pregnancy had not been unusual and birli 
was said to have been normal. The baby breathed and cried spontaneously and 
for several hours nothing unusual was observed. After about 12 hours, it became 

* For the clinical record of this case I am indebted to Dr. James Marvin Baty, 
Physidan-in-Chief, Boston Floating Hospital, Boston, Massachusetts. 
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obvious that the child was breathing with difficulty and was cyanotic. On the sec- 
ond day, the child was critically ill. Breathing was rapid and distressed and 
cyanosis was constantly present. On admission, the child was immediately placed 
in a Hess bed and oxygen was administered constantly. Respirations became more 
rapid, reaching 100 per minute. The child expired 36 hours after delivery. Physical 
examination 6 hours before death revealed a very sick child weighing 6 lbs. The 
cry was weak and there was very severe cyanosis of all ectodermal protective 
layers. Respirations were extremely rapid and there was marked substemal and 
intercostal retraction. There was dullness over both sides of the chest and breath 
sounds were diminished. The remainder of the physical examination was not 
unusual. The ch’nical diagnosis was fetal atelectasis. 

Autopsy (A-45-3-B.F.H.) revealed a mature child with well developed 
epiphyseal bone nuclei at the end of each femur. Both lungs showed 
the gross and histologic findings of congenital alveolar dysplasia. In 
addition, the autopsy showed a number of other anomalies including 
an almost complete defect in the interauricular septum of the heart, 
multiple valvular hematomata, and h3^oplasia of the brain with scat- 
tered foci of spongioblasts beneath the epend3rmal covering of the 
ventricles. 

A second case * was encountered about a year later. 

During the early course of pregnancy, the mother (para II) had not been well. 
She had had pyuria for which she had been treated several times with different sulfa 
drugs. She was markedly anemic and had received hver injections and iron by 
mouth without much benefit. In addition she had repeated colds and, for a long 
period, would take no fruit juice. About the third month there had been some 
staining, necessitating continuous bed rest. She was admitted at term for an elective 
cesarean section. The operation was uneventful and the mother made an early 
recovery. The baby had a strong cry and breathing began immediately. IVhen 
taken to the nursery, the child appeared to be breathing normally, but about an 
hour later there were obvious signs of respiratory distress. Coramine was then 
given and oxygen administered continuously. Breathing became more rapid and 
cyanosis increased. The child expired 36 hours after delivery. The clinical 
diagnosis, supported by roentgenologic findings, was fetal atelectasis. 

Autopsy (A-46-82-M.A.H.) revealed diffuse congenital alveolar dys- 
plasia of both lungs. The child, a male, was fully mature and weighed 
6 lbs. One other morphologic anomaly was a small accessory spleen. 

A third case,t again about a year after the last, was also diagnosed 
during life as fetal atelectasis. 

The mother was admitted a few days before term for an elective cesarean sec- 
tion. The postoperative course was uneventful. A 6 J 4 lb. female child was de- 
livered readily. The child cried promptly and breathing seemed normal. Fifteen 
minutes later it was noted that the child was doing poorly. There was diaphrag- 
matic breathing and moderate cyanosis. Physical e.xamination revealed almost 
complete absence of breath sounds bilaterally. The child was placed immediately 
in an incubator and given continuous oxj-gen. Two hours after delivery', when 
first examined by a pediatrician, it was found to be ashen and blue. Its rcspira- 

*For the clinical history of this case, I am indebted to Dr. A. J. D'Elia of the 
Cape Cod Hospital, Hyannis, Massachusetts. 

t For permission to use the clinical notes of this case, I am indebted to Dr. H. V, 
Hyde of the Mount Auburn Hospital. Cambridge, ilassachusetts. 
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tions were grunting. It had no cry and it was distinctly hypotonic. Both lungs 
were flat to percussion. After the administration of ojcygen, the child’s color and 
cry improved and for a time it became more active. About 36 hours later, respira- 
tions were very rapid and shallow, and cyanosis progressively increased. The child 
ceased breathing 48 hours after birth. The clinical diagnosis was fetal atelectasis. 

- At autopsy, a gross diagnosis -of probable congenital alveolar dys- 
plasia was made on the lungs, and this was confirmed immediately by. 
rapid section examination.^ The child was well nourished and the 
skeletal and muscular systems were well developed. In addition to the 
anomaly in the lungs, there was a small accessory spleen, and there 
was a valve-like constriction in the upper end of each ureter near its 
jimction with the renal pelvis. 

A comparison of the clinical records of these three full-term infants, 
who died as the result of a developmental malformation of the lungs, 
clearly reveals a striking similarity in all. Each child cried and 
breathed promptly at birth and, for a period varying from minutes to 
hours, there was no apparent impairment in respiration. Later, breath- 
ing became progressively distressing and cyanosis became increasingly 
obvious. The chest findings were dominated by flatness to percussion 
and by diminished to absent breath sounds. All three children expired 
within a period of 36 to 48 hours after birth, and in each case, it must 
be emphasized, the clinical diagnosis was fetal atelectasis of unex- 
plained cause. 

Discussion 

If one accepts the definition of atelectasis as being simply the col- 
lapse of normally developed, but expandable lung tissue, there seems to 
be no justification for considering these three cases as belonging to 
that category of pulmonary disease. The question then naturally arises: 
What is the nature of the changes in the limgs of these children that, 
in this severe and diffuse form, has led to their death? 

At first glance under the microscope the lesion suggests a non- 
specific, proliferative, interstitial pneumonitis, or an interstitial form 
of congenital syphilis of the lungs, but in neither parents nor infants 
was there any evidence of syphilis nor, after a more careful examina- 
tion, was there any sign of an inflammatory disease. The histologic 
structure of the lung bears a resemblance to the pattern in a 3 to 4- 
months-old fetus (Fig. 6). At that stage, it will be recalled, the imma- 
ture lung is unusually rich in mesenchyme. This similarity between an 
immature lung and congenital alveolar dysplasia suggests that the 
latter is merely a manifestation of extreme retardation in alveolar de- 
velopment, but the histologic picture of the lung in congenital alveolar 
dysplasia is not the same as that of an early fetal lung. There are 
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several differences. First, the capillary bed in alveolar dysplasia is 
infinitely greater than that of early embryonal life. Secondly, the 
alveolar epithelium in the relatively few alveoli resembles that of 
the mature lung far more closely than it resembles , the cuboidal 
gland-like epithelium of the embryo or fetus. Thirdly, the bronchial 
epithelium in congenital alveolar dysplasia is well developed and re- 
sembles that of a full-term child. Lastly, there is an unevenness in 
the distribution of both alveoli and interstitial tissue that is not found 
in early fetal life. In one particular respect, however, the lungs in 
congenital alveolar dysplasia resemble very closely the lungs of a 
much earlier period. This point is nicely revealed with the aid of the 
Mallory connective tissue stain. The alveolar walls are not only abnor- 
mally wide as in the immature lung, but they are also composed of a 
primitive mesenchyme devoid of mature collagen fibrils. There is no 
question of total hypoplasia or diminished growth of the lungs since, in 
respect to both size and weight, these organs in congenital alveolar 
dysplasia are quite as large or larger than those showing normal 
growth. To designate this lesion, the term congenital alveolar dysplasia 
has been used, since it appeared to be a manifestation of a disturb- 
ance in the normal development of pulmonary alveoli. 

The fimctional significance of congenital alveolar dysplasia is obvi- 
ous, particularly when it is diffuse and severe. Not only are there 
insufficient alveoli for adequate respiration, but also, and this is 
equally important, the malformed lung is a relatively nonresilient 
organ and consequently is incapable of normal expansion and contrac- 
tion. As a result, this lesion may lead to death, or, in its less severe 
form, while compatible with life, may explain some of the difficulties 
in breathing and tendencies toward repeated pulmonary infection 
that are seen during the first weeks or months of life. While the 
importance of this anomaly to the infant is quite clear, it seems worth 
pointing out that its recognition may be of considerable moment to the 
obstetrician, anesthetist, and pediatrician as well, for it is in cases of 
this t3q)e that the entire responsibility for the death of a child is likely 
to be placed on the shoulders of those who have handled the case. It 
might afford some measure of consolation to the parents to know that 
death had been the result of a developmental anomaly and not because 
of some error or omission in managing the case. 

With reference to the three infants whose histories have been in- 
cluded in this paper, all were bom at approximately full term. It will 
be apparent, however, that this same malformation may be equally well 
recognized in the premature child since, from the seventh month at 
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least, if the lung has developed normally, the alveoli have already 
acquired the pattern and character that is found in a healthy full- 
term child. 

It must be emphasized that no attempt has been made in this paper 
to belittle or disprove the importance of fetal atelectasis, but rather 
to point out that a developmental anomaly of the lungs, although much 
less common, may produce a strikingly similar clinical picture. If one 
is willing to accept the fact that congenital alveolar dysplasia is a 
reality, there is good reason to believe that clinical and. roentgenologic 
means will be found to diagnose it. 

Summary 

Congenital alveolar dysplasia is proposed as an appropriate designa- 
tion of a morphologic anomaly of the lungs of newborn children. It 
is suggested that this anomaly represents a retardation and disturbance 
in the normal development of pulmonary alveoli. Three cases have 
been included. The etiology at present is obscure. 
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DESCRIPTION OF PLATES 


Plate 150 

Fig. I. Lung: congenital alveolar dysplasia. There are too few alveoli and there 
is far too much interalveolar mesenchymal stroma. Eosin and methylene blue 
stain. X 90. 

Fig. 2. Lung: congenital alveolar dysplasia. This field was selected to show die 
pathologic dilatation of some of the alveoli. Even in areas of maximal dila- 
tation the alveolar walls are several times as thick as is normal, Eosin and 
methylene blue stain. X 90. 
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Conrcnital .■Mvcobr Dysplasia of Lungs 


Plate 151 

Fig. 3. Lung: congenital alveolar ectasia. This is an unusual developmental anom- 
aly that was confined to the lower left lobe of an otherwise normally devel- 
oped lung of a full-term infant. This field was selected to demonstrate this 
malformation and to compare this primary congenital dilatation with the 
acquired dilatation of alveoli that may be found in congenital alveolar dys- 
plasia (Fig. 4). Eosin and methylene blue stain. X 90. 

Fig. 4. Lung: congenital alveolar dysplasia. This field was selected to show con- 
siderable dilatation of some of the alveoli, the persistent excess of inter- 
alveolar stroma, and the accumulation in some of the alveoli of a precipitate 
that tends to cling to the inner surfaces. Eosin and methylene blue stain. 
X 90. 
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Plate 152 

Fig. 5. Lung: congenital alveolar dysplasia. This field was selected to show the 
relative disproportion between the alveoli and the interalveolar mesenchyme, 
the vascularity of the stroma, and the accentuation -of the interlobular septa. 
Eosin and methylene blue stain. X 130. 

Fig. 6. Lung: fetus, fourth month. This section was selected for comparison, to 
show the lung of a 4-months-old .fetus. The ratio of alveoli to stroma re- 
sembles that of congenital alveolar dysplasia in a full-term infant. In this 
section the alveoli appear as uniformly distributed, gland-like spaces and the 
stroma is relatively avascular compared to that of congenital alveolar dysplasia. 
Eosin and methylene blue stain. X 130. 
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ADENOMATOID TUMORS OF THE FALLOPIAN TUBE* 

Alex B. Raghts, M.D., and Robert D. Crane, MX). 

{From the Hektoen Institute for Medical Research and the Department of Pathology 
of the Cook County Hospital, Chicago, III.) 

Over a period of 19 years, 7,485 fallopian tubes have been examined 
at the Cook County Hospital; of these, 3, or 0.04 per cent, presented 
tumor growths of a rather unusual structure. Because of their peculiar 
histologic appearance we could not apply any established terminology 
to these three neoplastic lesions of the fallopian tube. The first sug- 
gestion as to what we might be dealing with was presented in two rela- 
tively recent publications (Evans, Golden and Ash^). Although 
these authors approached die cytologic interpretation of the tumor 
from different viewpoints, we feel that they have established a sound 
foundation which will enable a more accurate interpretation of this 
tumor. It is the purpose of this paper to present three such tumors 
arising in the wall of the fallopian tube, thus making a total of six 
reported cases. 

Report of Cases 

CASE I 

0 . E., a married colored woman/ 45 years old, entered the Cook County Hospital 
(no. 3-5429-37) on November 8, 1937. In August, 1937, she had noticed a mass 
in the lower abdomen, with almost constant vaginal bleeding. In September the 
patient had a severe hemorrhage which lasted about r week, leaving her in a very 
weakened condition. Between the periods of bleeding the patient experienced 
severe leukorrhea. 

Menses had begun at the age of 14 years. Her last regular menstrual period was 
in 1934. At the time of this examination she complained of metrorrhagia and 
menorrhagia. 

Physical examination revealed a well developed, well nourished woman. The tem- 
perature was 99.2° F., the pulse 90, and the respirations 20. The blood pressure was 
188/98 mm. Hg. The heart was slightly enlarged to the left. A large movable 
mass, the size of a grapefruit, was palpated in the lower abdomen. Some tender- 
ness was present over the symphysis pubis but there was no rigidity. On pelvic 
examination, Skene’s and Bartholin’s glands were normal and the introitus admitted 
2 fingers with ease. The external cervical os was patent and soft, and the cervix 
was located beneath the symphysis pubis; the adnexa could not be palpated. 

Wassermann and Kahn reactions of the blood were negative. On admission, the 
hemoglobin was 70 per cent; red blood cells, 3,900,000; white blood cells, 8,000. 
The urine was negative. 

The following diagnoses were made: fibromyomata uteri, cancer of the cervix 
and -corpus uteri stiU to be excluded, and hypertensive heart disease. 

On November 19, 1937, a supracervical hysterectomy, bilateral salpingectomy, 
right oophorectomy, and appendectomy were performed. The patient made an 
uneventful recovery. 

* Received for pubKcation, July 12 , 1947* ' 
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Pathologic Report 

The specimen consisted of a uterus amputated at the cervix, two 
tubes, one ovary, and an appendix. The uterus measured 19 by 12.5 
by 8.5 cm. and was deformed by intramural and pedunculated sub- 
serous nodules which measured up to 13.5 cm. in greatest diameter. On 
sectioning the nodes were light yellow-gray to brown-gray and dis- 
tinctly trabeculated. The brown-gray areas were softened and in places 
friable. The endometrium measured i mm. in thickness and was pur- 
ple-gray. 

The fimbriated end of one fallopian tube was patent; the wall was 
thin; the mucosa a light purplish gray. The adjacent ovary measured 
3.5 by 2.5 by 1.7 cm. and contained several cysts* up to 20 mm. in 
diameter filled with a clear fluid. There were numerous corpora albi- 
cantia. The other fallopian tube measured 8.5 cm. in length. The 
distal third of its superior portion was transformed into a diffuse, 
globoid mass, 3 by 2 by 2,5 cm. in diameter (Fig. i). The fimbriated 
end was patent and the portion of the tube 2.5 cm. distal to the mass 
was of normal appearance. On sectioning, the globoid mass was mod- 
erately firm and light gray, mottled with pale yellow-gray. Although 
the lumen of the fallopian tube appeared to end abruptly at the site 
of the tumor mass, the lesion appeared to be in the subserosa and 
muscularis and to compress the lumen. The tube proximal to the mass 
was patent. 

Microscopic Description 

Frozen sections revealed the tumor to be covered by interlacing 
bundles of smooth muscle fibers, widely separated by loose, edematous 
connective tissue which was infiltrated by focal accumulations of 
lymphocytes and scattered, pale-staining histiocytes with slightly vacu- 
olated cytoplasm. These lymphocytic infiltrations were noted particu- 
larly about some of the thin-walled blood capillaries lying in the 
connective tissue stroma. No abnormality was seen in the serosa. 

Within the muscular layer was a circumscribed tumor mass composed 
of numerous small acini, some of them lined by high cuboidal epithe- 
lium (Fig. 2), The cytoplasmic membranes of these cells were some- 
what indistinct. The basilar nuclei were round or oval; the chromatin 
was pale-staining and vesicular. The lumina of these gland-like struc- 
tures contained desquamated epithelium and an occasional l3miphocyte 
(Fig. 2). The chromatin of desquamated epithelial cells was more 
compact than that of cells lining the acini. 

The acini were surrounded by fine strands of connective tissue in 
which were embedded thin-walled capillaries lined by elongated endo- 
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thelial cells. Slight infiltrations of lymphocytes were noted in the 
delicate connective tissue stroma in the periphery of the tumor mass 
near the muscular layer. 

In the central portion of the tumor mass there were distinct solid 
cords of cells with ample pink-staining cytoplasm (Fig. 3), and dis- 
tinct cytoplasmic membranes. In some of the cells of the cords the 
cytoplasm was finely vacuolated. The structure of the nuclei was 
similar to that of the cells lining the acini. Seeming transition from 
cords of cells to acinar structures was demonstrable in the section. 
Within the tumor mass were scattered thick-walled blood vessels. Near 
the muscularis some of the acini appeared to extend into the stroma 
between the muscle fibers but did not go beyond the inner layer of 
smooth muscle tissue. 

Fat stains revealed minute fat droplets in occasional histiocytes 
lying in the stroma of the acini near the muscular layer. A larger 
number of fat-laden histiocytes were lying among the infiltrating nests 
of lymphocytes within the muscle wall. The vacuolated spaces in the 
cells of the cords were free of fat. 

Paraffin sections of this tumor mass from approximately the same 
area, when stained with hemalura and eosin, van Gieson, and Weigert’s 
elastica stains, showed a markedly altered picture as compared with 
the frozen sections. In the hemalum and eosin stain the acini fre- 
quently were represented by acellular borders or by single flattened 
cells adherent to the wall of the acinus which contained two or more 
desquamated epithelium-like cells (Fig. 4). The cytoplasm of these 
cells was pink-staining and their nuclei were round and coarsely 
vesicular. In other places the acini were lined by flattened cells with 
indistinct cell membranes producing a syncytial effect (Fig. 4). In still 
other places the lining cells were high cuboidal. Where cords of cells 
were seen, the cytoplasm contained large vacuoles so that some of the 
cells assumed a signet ring appearance (Fig, 5). In other cells the 
cytoplasm was rather homogeneous bluish-pink staining. The nuclei 
of such cells were fairly large and somewhat irregular in size and 
shape. The chromatin was finely vesicular. 

The muscle layer covering the tumor mass showed small focal infil- 
trations of round cells in the interstitial tissue, and appeared to sur- 
round the entire circumference of the tumor mass except for one por- 
tion which was attached to the mucous membrane of the fallopian tube. 
Van Gieson’s stain revealed delicate connective tissue fibers between 
the acini and cords of cells. In places, single cells of the cords appeared 
to be isolated by fine, delicate, connective tissue fibers simulating the 
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interstitial epithelial cells described by Golden and Ash.^ The Weigert 
elastica stain showed distinct fibrils surrounding the acini and cords 
of epithelial cells. 

Diagnoses. Tubular adenoma of a fallopian tube; multiple fibro- 
myomata of the uterus. 

CASE 2 

S. C., a colored woman, 45 years old, gravida 0, para o, was first admitted on 
August 13, 1939 (no. 8-5706-39), with the history of having been seized with 
severe epigastric pain. She w^as admitted to Cook County Hospital as a surgical 
emergency. A diagnosis of incarcerated umbilical hernia was made and an opera- 
tion was performed. At operation multiple fibroids of the uterus were noted and 
an inflammatory lesion of the right adnexa. The patient had a smooth post- 
operative course and was discharged on August 24, 1939, ii days after operation. 

Her second admission w'as on September 2, 1939, when she (jomplained of pain 
low in the abdomen and radiating down the left leg. This pain had been present 
at intervals since her return home from the hospital. She w^as admitted mainly 
because of the large fibroids of the uterus which were felt on examination. At 
operation the uterus, right tube and ovary, and the appendix were removed. The 
postoperative course w^as uneventful. 

Pathologic Report 

The specimen consisted of a uterus amputated above the cervix, the 
right fallopian tube, and ovary. The uterus measured 20 by 18 by 
1 1.5 cm. and was deformed by subserous, intramural, and submucous 
tumors, the largest measuring 8 cm. in diameter. 

The fimbriated end of the fallopian tube was patent; the mucosa 
was light purplish gray and smooth. In the wall of the tube, near the 
serosal surface, was a nodule which measured 7 mm. in diameter 
and on section appeared light gray. It slightly compressed the lumen 
of the tube in its mid-portion; however, the lumen admitted the passage 
of a fine probe through the entire length of the tube. 

The ovary measured 7.5 by 5.5 by 4 cm. and on sectioning contained 
a cystic corpus luteum 4 cm. in diameter. 

Microscopic Description 

Paraffin sections of the tumor nodule of the fallopian tube re- 
vealed it to lie in the deep layers of the muscle wall. In one area the 
tumor mass extended into the stroma of the folds of the mucous mem- 
brane and flattened out some of the folds. The stroma and the muscle 
btmdles surrounding the tumor mass were infiltrated by a small num- 
ber of lymphoc3rtes, especially around some of the capillaries. The 
tubal folds were lined by tall-columnar, ciliated epithelium. The 
stroma was increased in amount and moderately vascular. 

The tumor proper was composed of acini lined, in most instances, 
by flattened epithelial cells with indistinct cytoplasmic membranes 
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and somewhat elongated^ flattened nuclei (Fig. 6). In other places 
these glands were lined by cuboidal epithelium with rather indistinct 
cytoplasmic membranes (Fig. 6), and vesicular nuclei. The lumina of 
many of these glands contained large desquamated cells with pale, 
pink-staining cytoplasm and small, deep-staining pyknotic nuclei. Be- 
tween the acini were solid nests and cords of cells with rather distinct 
cytoplasmic membranes and pale-staining cytoplasm which was fre- 
quently vacuolated. The nuclei of these cells were oval and similar to 
the nuclei of the cells lining the gland structures, particularly those 
qf the cuboidal epithelial type. The cytoplasm of the cells which 
composed the solid cords was similar in appearance to the cytoplasm 
of the desquamated cells Isdng within the lumina of the gland struc- 
tures. 

Van Gieson’s staining of the tumor revealed small, delicate strands 
of connective tissue between some of the acini and cords of epithelial 
cells. Near the thick layer of muscle there were several glands lined by 
high-cuboidal epithelium showing distinct cytoplasmic membranes. 
Elastin-H staining revealed small, delicate elastic tissue fibrils around 
individual acini and cords of cells (Fig. 7). Here, as in case i, indi- 
vidual cells of the cords might be surrounded by elastic fibers. In 
places the cords of cells seemed to split, forming small acini. 

Diagnoses. Adenoma of a fallopian tube; cystic corpus luteum; 
multiple fibromyomata of the uterus. 

CASE 3 

C. L., a colored woman, 32 years of age, gravida 3, para i, was admitted on 
January 21, 1942 (no. 8-584-42), with complaints of pain in the right lower quad- 
rant, vaginal discharge, fatigue, and dizziness. The patient stated that she had been 
well until January, 1940, when a vaginal discharge and “dropping of the womb” 
were noted. In August, 1941, she developed dizziness and fatigue and in January, 
1942, she experienced dysmenorrhea, dysuria, and pain in the right lower quadrant. 
The pain was duU and frequently radiated to the epigastrium. 

Abdominal examination revealed a hard, fixed mass in the supra-umbilical region 
which, on rectovaginal examination, was found to extend into the cul-de-sac. The 
adnexa seemed to be fixed to the major mass. A second degree prolapse of the 
uterus was present. 

On February 2, 1942, a supracervical hysterectomy, bilateral salpingectomy, and 
right oophorectomy were performed. The postoperative course was imeventful. 

Pathologic Report 

The specimen consisted of a uterus amputated above the cervix, 
both fallopian tubes, and an ovary. The uterus measured 7.5 by 6.5 
by 5.5 cm. and was deformed by subserous and intramural nodules 
which measured up to 12 mm. in diameter. The sectioned surface of 
these was grayish white and distinctly trabeculated. The fimbriated 
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ends of both fallopian tubes were occluded. Their walls were thickened 
and the mucosa was light gray. In the distal third of the right tube 
there was palpated a firm, round nodule which measured 1.5 by 1.5 
by I cm.; the consistency was firm and the sectioned surface was 
grayish white. The ovary measured 6.5 by 4.5 by 4.5 cm. and con- 
tained a corpus luteum cyst, 4.5 cm. in diameter. 

Microscopic Description 

Section of the tumor mass in the fallopian tube revealed it to lie in 
the deep layer of the muscle and to encroach upon the lumen. The 
latter showed simple, fine, delicate folds, some of which were flattened 
by the proliferating tumor mass. The tumor was composed of numerous 
acini, many of them lined by flattened cells with elongated nuclei and 
indistinct cell membranes. In other places these acini were lined by 
cuboidal epithelium with coarsely vesicular nuclei (Fig. 8). The 
lumina of many of these glands contained desquamated epithelial cells 
with pink-staining cytoplasm and rather indistinct cytoplasmic mem- 
branes. In places small cords of cells could be seen with rather com- 
pact, coarsely vesicular nuclei, resembhng the cells lining some of the 
acini. In the periphery of the tumor near the inner layer of muscle 
were small focal accumulations of lymphocytes. 

Diagnoses. Adenoma of a fallopian tube; corpus luteum cyst; mul- 
tiple fibromyomata of the uterus. 

In summary, these three adenomas of the fallopian tube varied in 
size from 7 mm. to 3 by 2 by 2.5 cm. The tumors were rather firm 
and the cut surface was diffusely grayish white and smooth. In all 
three instances the tumor seemed to have originated in the muscle wall 
and extended toward the mucous membrane, in places flattening the 
folds. All tumors were globular and grossly circumscribed. In case r, 
suggestive invasion of the adjacent muscle tissue was noted in one 
small area; however, this was the only area in which such a picture 
was seen and may not necessarily represent true invasion of the muscle 
waU. 

The microscopic picture of the three tumors presented here was 
rather uniform in so far as it revealed large and small acini lined by 
flattened or cuboidal epithelial cells. These glands were separated by 
fine, delicate strands of vascular fibrous connective tissue. The lumina 
of some of the glands were filled with desquamated epithelium-like 
cells similar to those found lining the small and large acini. Red blood 
cells and amorphous staining substances were not noted. Smooth 
muscle tissue within the tumors, as described by Golden and Ash,^ was 
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not noted in our series of cases. Weigert’s elastica stain and elastin-H 
showed fine elastic fibers surrounding the acini as well as cords of 
epithelial cells. A fat stain on case i showed fat deposits in small 
groups of histiocytes at the periphery of the tumor mass. However, 
no fat was observed in the acinar cells or in the cords of the tumor 
cells. Unfortunately, the histologic picture was not anticipated in 
cases 2 and 3 and frozen sections were not made. Solid cords of cells 
were noted in all three cases, particularly in case i, which was pre- 
pared by the frozen tissue method. Many of the cells in the cords 
contained vacuoles of variable size; others had a finely granular 
eosinophilic cytoplasm. ' Scattered lymphocytes were noted in the 
interstitial tissue of the tumor mass, particularly at the periphery. 

Discussion 

It is apparent, from a review of the literature, that great discrep- 
ancy exists among the expressed opinions as to the pathogenesis, cyto- 
genesis, and significance of the tumor described here. These tumors 
have been considered malignant by some investigators ^ whereas 
others have called them benign.®'® Evans ^ was of the opinion that 
these tumors are mesothelial in origin since in one of his four cases he 
was able to demonstrate direct continuity of cells forming the serosa 
of the uterus with cells lining the gland-like structures of the under- 
lying tumor. He also pointed out that although gland-like structures 
were present, the cells did not resemble true glandular epithelium, and 
that they were fiat cells with a tendency to chain formation, the latter 
being typical of mesothelial cell structure. Golden and Ash,® on the 
other hand, were unable 'to demonstrate direct continuity between 
serosal cells and tumor cells. In our three cases both the gross and 
the microscopic appearances pointed to a mid-wall origin with prolif- 
eration toward the serosa and mucosa of the fallopian tube. In no 
instance were we able to demonstrate continuity with the serosal sur- 
face of the tube. As a matter of fact, the encircling muscle bundles 
were thicker at the serosal aspect of the tumor than at the mucosal 
aspect. 

The information which we consider most important as to the nature 
of the tumor mass was derived from the frozen sections. In these, it 
was apparent that the acini are lined by cuboidal epithelium and that 
the cords of cells are distinctly epithelial. A section of the same tumor 
prepared by paraffin impregnation was sufficiently altered to make a 
differentiation between epithehum-lined and mesothelium-lined spaces 
difficult. 

Muscle fibers were not noted within the content of the tumor, but 
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where they were present, near the periphery of the tumor, they 
appeared to be pre-existent, as pointed out by Golden and Ash.® 

From our studies we cannot venture a definite opinion as to the 
genesis of this tumor cell. Golden and Ash,® in their studies of frozen 
sections from testes, epididymides, and their adjacent structures from 
stillborn infants and fetuses, were unable to demonstrate cell structures 
of the type seen in the tumor. However, they leave the question open 
in view of the fact that the method of sampling employed was inade- 
quate. 

We are of the opinion that these tumors are of epithelial origin; this 
opinion is supported by findings in frozen sections and elastic tissue 
stains, the latter showing elastic fibrils about individual acini and 
cords of cells. At no time were we able to demonstrate any similarity 
between cells lining the blood vessels and cells lining the acini. The 
cells of the acini which we encountered, although frequently flattened, 
were different in that they lacked sharp tapering ends and did not 
have a spindly appearance. Furthermore, one would expect associated 
inflammatory changes to coexist with a serosal cell proliferation, giv- 
ing rise to mesothelial cells resembling epithelial cells. In our series, 
inflammatory changes were by far too insignificant to account for 
tumor growth of such magnitude. 

The diagnosis of adenoma for this type of tumor has been suggested 
by Gordon-Taylor and Ormmany-Davis,'^ and Blumer and Edwards.® 
Golden and Ash,® on the other hand, have suggested the term adenom- 
atoid tumors of the genital tract which perhaps more fully fits the 
morphologic picture, in view of its questionable genetic origin. 

Summary 

Three cases of epithelial tumors of the fallopian tube are reported. 
The clinical picture and the gross and histologic findings point to a 
benign epithelial tumor of obscure origin. The term “adenomatoid 
tumor” is viewed with favor to designate this tumor. 
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Plate 153 

Fig. I. Case i. Drawing of specimen removed at operation showing fallopian tube 
and the tumor mass. 

Fig. 2. Case i. Acini are lined by cuboidal epithelium, and desquamated epi- 
thelial cells lie within the lumen of the acini. Frozen section; hemalum and 
eosin stain. X 160. 

Fig. 3. Case i. Solid cords of cells of epithelial character. Frozen section; hem- 
alum and eosin stain. X 160. 

Fig. 4. Case i. Acini with acellular borders, lumina containing desquamated 
epithelial cells. There are also acini lined by flattened cells with indistinct 
cell membranes producing a syncytium-like effect. ParafiSn section; hemalum 
and eosin stain. X 160. 
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Plate 154 

Fig. 5. Case i. Solid cords of cells with vacuolization of the cytoplasm. ParaflSn 
section; hemalum and eosin stain. X 160. 

Fig. 6. Case 2. Desquamated epithelial cells are seen in the lumen of acini lined 
by flattened epithelial cells; also acini lined by cuboidal epithelium. Paraffin 
section; hemalum and eosin stain. X 160. 

Fig. 7. Case 2. Fine elastic tissue fibrils are seen about acini and cords of cells. 
Paraffin section; elastin-H stain. X 160. 

Fig. 8. Case 3. Acini lined by cuboidal epithelium. Paraffin section; hemalum and 
eosin stain. X 320. 
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GASTRIC CANCER: MORPHOLOGIC FACTORS IN FIVE-YEAR 
SURVIVAL AFTER GASTRECTOMY * 

Paul E. Steiner, M.D., Samuel N. Maimon, M.D., Walter L. Palmer, M.D., 

, and Joseph B. Kirsner, M.D. 

(From the Department of Pathology, and the Frank Billings Medical Clinic of the 
Department of Medicine, The University of Chicago, Chicago 37, III.) 

The prognosis in gastric cancer is generally recognized as poor. 
Surgical resection offers the best hope of eradication. It has been stated 
that the overfall cures are less than 5 per cent/"® although in select 
groups subjected to operation the rate is higher.^“^° Following recovery 
from resection, any of the following events with respect to the cancer 
itself may occur: (a) Fatal termination within 5 years from local re- 
currence or distant metastases by tumor which was not evident at the 
time of operation; (b) five-year survival, but subsequent reappearance 
of the tumor; (c) permanent cure, with no residual cancer, overt or 
occult. 

These old observations raise many questions, such as the following: 
(i) Is it possible to distinguish between group a on the one hand and 
groups b and c on the other — between those who will succumb quickly 
to recurrence or metastases and s-year survivors? In other words is 
it possible to forecast outcome? Can factors with prognostic signifi- 
cance be found? (2) What is the explanation for the slow rate of 
growth of some gastric cancers so that more than 5 years are required 
for the formation of recurrences or metastases of clinical significance 
from residual microscopic tumor foci? (3) In 5-year survivors what 
are the relative proportions of truly cured cases to those with delayed 
reappearance of residual tumor? 

Having at our disposal suitable material, we have sought answers 
to some of the questions. The material consists of 30 cases in which 
the patients lived 5 years or longer after resection of a gastric cancer. 
All available clinical records and gross and microscopic material were 

* Read by title at the Forty-Fourth Annual Meeting of The American Association of 
Pathologists and Bacteriologists, Chicago, May 16 and 17, 1947- 
Received for publication, August 29, 1947. 
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reviewed. In addition to hematoxylin and eosin stains, the chrome 
hematoxylin-phloxine and silver impregnation (for argentaffine quality) 
methods of Gomori were used for cytoplasmic details, and a modified 
Wilder’s silver impregnation was employed to study the finer fibrillar 
material. Special stains for mucus were made as needed. 

It was anticipated that some cases might have to be eliminated from 
the group because they were not malignant tumors or perhaps even not 
true neoplasms. This was found to be unnecessary. All cases con- 
formed to the standard criteria for malignant tumors; none were bor- 
derline. All exhibited neoplasia, anaplasia, and heterotopia, infiltrating 
through the muscularis mucosae and, with one exception, into or 
through the true muscularis. 

Study of the 30 5-year survivors revealed some microscopic features 
which were not expected from our previous experience with gastric 
cancer. Therefore, a special control group was used for specific and 
detailed comparison. It was composed of 30 cases of carcinoma of the 
stomach in which the patients had undergone resections similar to 
those of the 5-year survivors, had survived operation, but had died 
of local recurrence or metastases within i year after operation. (Here- 
after these are designated “short-term” survivors.) Many of them 
had died within 6 months. Thus, the extreme ends of the growth-rate 
spectrum were under comparison. It was hoped that this would reveal, 
to a maximum degree, any differences associated with rate of growth 
and degree of malignancy. 

For a few comparisons with the 5-year survivors, the entire clinical 
group of 576 cases of gastric cancer was used.^^ 

Attemjpts to find valid criteria for estimating prognosis have been 
made previously. One of the earliest studies was that of Whipple and 
Raiford® who combined gross and microscopic grading systenis and 
found them useful. Broders made a histologic grading of a large 
series of cases. The 5-year survival rates were 86.2, 58.8, 30.2, and 
23.3 per cent, respectively, in grades r, 2, 3, and 4, so that there was 
fair correlation with group prognosis. Dochat and Gray attempted 
to estimate prognosis by a combination of Dukes’ macroscopic classi- 
fication (originally developed for rectal cancer) and Broders’ micro- 
scopic grading method.^® They found the combination better than 
either alone. Eker also used a combination of gross and microscopic 
grading and found some, although imperfect, correlation between the 
results of grading and prognosis. Schindler, Steiner, Smith, and Dai- 
ley found little of prognostic value in microscopic grading but greater 
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value in macroscopic typing. In a later study, Schindler^® carried 
macroscopic typing further and observed that the tumors in all 5 -year 
survivors were of the noninfiltrating t5rpes I and II. Stout expressed 
the opinion that histologic grading, based on cell differentiation, was of 
little value in predicting degree of malignancy, rate of growth, or prob- 
able success or failure of surgical treatment. 

The consensus seems to be that either macroscopic typing or micro- 
scopic grading alone are useful, that combined they are better, but that 
they can be used only for group and not for individual case prognosis be- 
cause of frequent discrepancies. In all large series of cases a few pa- 
tients who should be alive are dead, and others with a supposedly bad 
prognosis are alive. It was hoped that new and more reliable factors 
might be revealed by the present analysis. 

' Prognostic Criteria 

INFORMATION FROM CLINICAL STUDIES 

In earlier studies by some of the members of our group no 

reliable clinical prognostic criteria were found. On the contrary, some 
unexpected and disturbing observations were made. For example, it 
was noted that short duration of symptoms before operation, however 
important this might be in selected cases, was of no prognostic signifi- 
cance in this group of 30 5-year survivors. In fact, long duration was 
more common in the 5 -year survivors than in the large group as a 
whole, exceeding i year in 50 per cent of the former (nearly 20 per 
cent had symptoms for 2 years) in contrast to 30 per cent of the latter. 
Presence or absence of a palpable tumor also was of no prognostic 
importance; it was present in 9 of the 5-year survivors as compared 
with 16 of those who survived less than i year. 'Hemoglobin values, 
hydrochloric acid content of the gastric secretion, and presence or ab- 
sence of occult blood in the stools likewise had no prognostic signifi- 
cance. 

A comparison of the sex ratios in the 5-year and short-term sur- 
vivors revealed 18 males (60 per cent) and 12 females (40 per cent) 
in the former, and 26 males (87 per cent) and 4 females (13 per cent) 
in the latter group. The corresponding figures for all of our gastric 
cancers, 576 patients, are 69 per cent males to 31 per cent females,^^ 
a ratio generally unexplained but like that reported by others. The 
group of 5-year survivors had a higher proportion of females and the 
short-term survivors more males than did the entire group. This dif- 
ference in the prognosis in relation to the sexes remains unexplained. 
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It corresponds to that in some other cancers, notably carcinoma of the 
lung,^^ and it may be related to a degenerative change in tumor cells, 
to be described. 


INFORMATION FROM GROSS FEATURES 

Location and size of the tumors were of no value in estimating 
prognosis; they were about the same in the long- and short-term sur- 
vivors. The exception to this statement was that the latter group in- 
cluded several examples of diffuse, infiltrating carcinoma in which the 
extent and hence the size of the tumor were not determinable grossly. 
The largest tumor associated with 5-year survival was 10 by 9 by 
6.5 cm.; with less than i-year survival the largest was 15 by 14 by 

' Table I 

Comparison of the Macroscopic Type of Tumor in Five-Year > 
and Short-Term Survivors 


Macroscopic types 



I 

II 

III 

IV 

Five-year survivors 

9 

17 

4 

0 

Survival less than i year 

I 

12 

7 

10 , 


8 cm. (843 gm.). The average diameter of the tumor was about 6 cm. 
in each group. 

The only significant prognostic gross factor was the macroscopic 
typing based on the appearance of the excised specimen. The standards ^ 
used in gross typing were those previously published, so that it 'is 
unnecessary to repeat them. They resemble those advocated by Borr- 
mann.^^ Four types were used, as follows: type I, pol5^oid carcinoma; 
type II, noninfiltrating carcinomatous ulcer; t5^e III, infiltrating 
carcinomatous ulcer; type IV, diffuse infiltrating carcinoma. Those 
cases in which the cancer was well delimited by distinct raised margins 
had the best prognosis, but the correlation was not, perfect. 

^ The results of the macroscopic comparison of the two groups are 
given in Table I. All persons except one with a type I tumor survived 
for 5 years and all with type IV tumor were dead within i year, but 
between these extremes lie two-thirds of the cases with overlapping in 
type and prognosis. In these, t3^ing was of no prognostic aid. No 
doubt if cases with intermediate length of survival, namely, 2, 3, and 
4 years, were tabulated, the correlation with types I and IV would be 
less striking. Macroscopic t3rping used alone would have given a bad 
prognosis to 4 (types III and IV) of the 5-year survivors, and a good 
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prognosis to 13 (types I and II) of the short-term group, introducing 
such a large error as to make the method of little prognostic value. 

INFORMATION FROM MICROSCOPIC FEATURES 

Three microscopic features were found which were correlated with 
long survival. In the order of their importance they were : Sharp circum- 
scription of the tumor; two special histologic types; and a characteris- 
tic retrogressive change in tumor cells. They will be described in that 
order, and followed by several other microscopic findings of lesser 
importance. 

Circumscribed Growth 

Twenty-five tumors in the 5-year survivors grew in a circumscribed 
manner, exhibiting a distinct demarcation between tumor and host. The 
margin of the tumor was usually smooth but sometimes it was scal- 
loped. The advancing border of the tumor was sometimes at the true 
muscularis, sometimes deep in the muscle layers, and sometimes in the 
serosa, but it was always fairly sharp, and distinct. The kmior ad- 
vanced through the gastric wall en bloc. This feature is illustrated in 
Figures i to 4. '\yith the lowest magnification this demarcation ap- 
peared sharp; with higher magnification a slight amount of inter- 
mingling and interdigitation of tumor cells and normal cells was 
observed occasionally. These cancers, contrary to the implications 
of their designation, had no crab-like extensions or “roots.” The cir- 
cumscription was not due to a fibrous capsule, which in many cases 
was incomplete, imperfect, or absent (Figs. 7 to 9). Neither was 
it due to an unusual degree of mutual cohesiveness of the tumor cells 

(Fig. 15). 

In the 30 cases with survival of less than i year, a similar degree of 
circumscription was found only twice; the remainder were noncircum- 
scribed (Figs. 5 and 6). 

Histologic Types 

Most of the histologic types of gastric cancer were represented in 
the group of 5-year survivors, as is shown in Table II, and in Figures 
10, and 13 to 16. At first glance there seemed to be no relation of 
histologic type to prognosis. On closer analysis, however, and by com- 
parison with the short-term survivors, two t5^es of cancer (represent- 
ing 9 cases) were found only in the 5-year group. They carried a 
favorable prognosis. They are a special type of undifferentiated car- 
cinoma, to be described, and the well known 'undifferentiated small cell 
carcinoma (or sarcoma). 
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Six undifferentiated carcinomas of a special type formed the largest 
histologic group associated exclusively with good prognoses (Figs. 7, 
8, and 14). These tumors were composed of groups and solid cords of 
medium-sized polyhedral cells lying in a cell-rich stroma, which com- 
prised about one-half of the area. The cells had large, pale, often 
irregular nuclei and little cytoplasm. The stroma was rich in cells of 
the types associated with chronic inflammation. For this reason and 
because of the basophilic nature of the cancer cells themselves, these 
tumors had a distinctly bluish appearance under the lower magnifica- 
tions when stained with hematoxylin and eosin. We have referred to 
them among ourselves as “the blue cell cancers.” These tumors had 
no products of maturation or function, or other morphologic features 
by -Which their histogenetic nature could be identified. With special 
stains they had no argentaffine granules. With the idea that they might 
be chief cell carcinomas, they were stained with the chrome hematoxy- 
lin-phloxine stain, but they contained no cytoplasmic granules. The 


Table II 

Comparison Between Histologic Classification and Macroscopic Type in Five-Year and 
Short-Term Survivors after Gastrectomy for Cancer 


Histologic type 

Five-year survivors, | 

macroscopic type j 

Surviving less than i year,^ 
macroscopic type 

I 

ri 

III 

1 

IV 

1 Total 
cases 

I 

II 

III 

IV 

Total 

cases 

Adenocarcinoma 

B 

B 

m 

■ 

B 


8 

B 

5 

x6 

Special undifferentiated 

B 

B 

B 

B 

Bl 



B 



carcinoma 


■1 









Undifferentiated small round 

B 

B 

B 


Bl 



B 



cell tumor 

B 

Bm 

B 





B 



Mucinous carcinoma 

B 

H 




I 

I 

B 

I 

3 

Mixed type carcinoma i 

■1 

2 

■1 








Infiltrating scirrhous carcinoma i 


I 


B 

I 


3 


4 

II 

Totals 

9 ; 

■ 

1 

1 

30 

I 

12 

■ 

10 

30 


cytoplasm had a slight diffuse affinity for the phloxine. The best clues 
regarding their nature were supplied by 2 cases in which growth of 
this type was mixed with adenocarcinoma and intermediate forms, 
and by a third case in which there was mixture with colloid carcinoma. 
Because they appeared dark and undifferentiated they might, a priori, 
erroneously be regarded as highly malignant. All were sharply cir- 
cumscribed. One had extensive metastases to regional lymph nodes. 
Five of these tumors were found in men. There were no tumors of this 
type in the short-term survivors. This carcinoma should be set apart in 
classifying gastric cancers. In this series of cases it was always asso- 
ciated with a good prognosis, despite the fact that histologically it 
would be grade 4. 

Three cases in the 5-year survival group were classified as roimd cell 
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tumors. They might be reticulum cell sarcomas, although it is not 
certain that they are not highly undifferentiated medullary carcinomas 
(Fig. is). They were circumscribed but nonencapsulated, with tumor 
cells in direct relation to muscle. The tumors were composed of small 
to medium-sized round to polyhedral cells growing compactly with little 
stroma. There was no follicle formation. Silver impregnation for 
reticulum, however, revealed an abundant network of fibrils which at 
some point or other made contact with nearly every cell. The patients 
survived for 5 years despite the fact that metastases were demon- 
strated in lymph nodes in 2 cases. There were no similar tumors 
among the short-term survivors. Histologically these tumors also would 
fall into grade 4, yet the prognosis was good. 

Adenocarcinomas formed the largest histologic group in the 5 -year 
survivors, with 14 cases. They presented no unusual features except 
possibly a remarkably slight secretion of mucus (Figs. 9, 12, and 13). 
In size the glands varied from small to giant, and in some cases they 
were mixed. The glands were round, cylindrical, or irregular, and 
some had papillary ingrowths. The amount of stroma varied from 
slight to considerable. According to the system of histologic grading 
previously described,^'^ based on the degree of cell differentiation and 
of deviation from normal appearance of the glands, 5 cases were grade 
2, 7 were grade 3, and 2 were grade 4. Twelve of the 14 adenocarci- 
nomas were circumscribed and 2 were infiltrative. The short-term 
survivors had 16 adenocarcinomas, all of which were noncircumscribed. 
Adenocarcinomas were associated with favorable prognosis only when 
they were circumscribed, and not always then. 

There were three carcinomas with conspicuous secretion of mucus 
in each group. One infiltrative scirrhous carcinoma and 3 of mixed 
type completed the series of long-term survivors. The short-term sur- 
vivors included ii examples of infiltrative scirrhous carcinoma, some 
of which were of the linitis plastica type. Some infiltrated widely like 
linitis plastica but had in addition a local mass. 

Retrogressive Changes 

The chief retrogressive change was of a distinctive type. It consisted 
of atrophy and distortion of tumor cells and pyknosis of their nuclei. 
This change was most conspicuous at the advancing border of the 
tumor; less commonly it was seen throughout (Figs. 8 to ii). Tt was 
sometimes more striking at the advancing end of a gland than at the 
proximal end of the same gland (Fig. 12). It appeared to be inde- 
pendent of the character of the stroma. This retrogressive change was 
most impressive in an undifferentiated, noncircumscribed, scirrhous 
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carcinoma. This slightly ulcerated, flat, antral tumor measured 4.5 by 
4.0 cm. From it there was widespread infiltration of the muscle layers 
and serosa by scirrhous tumor of linitis plastica t5TDe. Ever5rtvhere 
these cells showed marked atrophy and pyknosis (Fig. 10), resembling 
the histologic picture seen in prostatic carcinomas following orchi- 
ectomy. This patient was a female. Altogether, the same change was 
seen in greater or lesser degree in 14 patients, of which 8 were males. 

The common types of degenerative change, such as massive necrosis, 
were less frequent in the long-term group than in the controls. This 
may be attributed to their slower rate of growth with better blood 
supply, 

Mefasfases 

Metastases were seen in lymph nodes in 6 of the 18 5-year survivors 
(33 per cent) in which material was available for study. The 6 cases 
consisted of 2 each of adenocarcinomas and round cell tumor, and one 
each of special undifferentiated carcinoma and mixed cell carcinoma. 
The corresponding figures for the short-term group are 17 cases with 
metastases in a total of 21 examined (81 per cent). Four in each 
group also showed infiltration into perigastric adipose tissue. L5miph 
node metastases cannot be used as an index of prognosis in individual 
cases although there is some difference in group prognosis. Neither 
should the presence of regional lymph node metastases per se obviate 
attempts at surgical cure. 

Miscellaneous Histologic Features 

The tumors of the 5-year survivors contained on the average more 
inflammatory infiltrate in their stroma than did those of the short- 
term survivors. This was most conspicuous in the special “blue cell” 
cancers already described. It was not consistent enough to be used in 
prognosis. The same may be stated with respect to the amount of 
dense connective tissue stroma and of tumor necrosis which were 
usually greater in amount in the short-term survivors. The number of 
mitotic figures was not discernibly related to prognosis, although counts 
were not made. 

Cure Versus Slow Growth as Explanation por 
Five-Year Survival 

The question whether 5-year survival was due to cure or to slow 
rate of growth of the tumor cannot be answered as yet from this group 
of cases because 27 of the patients were alive when last traced. Two 
of those still living have had recurrences later than 5 years after oper- 
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, ation. In the remaining 25 it is impossible to state how many are 
cancer-free and will never have a recurrence. One of these patients 
has, in the meantime, had treatment for two cancers of the face. Of 
the 3 no longer alive, 2 died of recurrent carcinoma at 22 and 6 years, 
respectively, after their first operation. The third patient died 7 years 
after operation, probably from a recurrence. 

Thus, while it is impossible to state how many are cancer-free and 
cured, or how many have slow-growing, subclinical cancer residues, it 
is known that in 4 (and probably in 5) instances s-year survival was 
made possible because the rate of tumor growth was very slow. Curi- 
ously, perhaps significantly, all 5 cases had adenocarcinomas. 

Cause for Slow Rate of Growth 

The cause of the slow rate of growth, whether low aggressiveness of 
the cancer cells, or high resistance of the host, or a balance between 
the two, remains unknown. Certain features seen in the 5-year sur- 
vivors and absent to a comparable degree in the short-term survivors 
may, however, be the morphologic concomitants of the basic causes 
and worthy of record. 

The most striking change was the atrophy and pyknosis of cancer 
cells previously mentioned and illustrated in several photomicrographs, 
notably in Figure 10. The remarkable resemblance to regressing cells 
in prostatic carcinoma following orchiectomy has been mentioned. It 
appeared to be primary, independent of the condition of the stroma, 
and not accompanied by inflammatory reaction. In one widely infil- 
trating scirrhous carcinoma it was seen in many parts of the growth; 
in circumscribed tumors it was most striking near the margin. This 
change involved only tumor cells, the adjacent stromal cells remaining 
normal in appearance, so that it is probably not on a vascular or 
nonspecific nutritional basis. 

The sharp circumscription of the tumors could, theoretically, be 
attributed either to low aggressiveness of the tumor or to resistance on 
.the part of the host. Regardless of whether it is the cause or effect of 
slow growth, it is useful in estimating prognosis. 

All 5-year survivors had either a sharply circumscribed neoplasm, 
or severe retrogressive changes in the tumor cells, or both. 

Although the group of 5 -year survivors contained a higher propor- 
tion of females than did the entire group of 576 cases or the short-term 
survivors, the 14 cases showing the special degenerative change have 
the same sex ratio as the entire 5 -year group. Their state with respect 
to hormonal balance is, however, unknown. 
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Histologic Grading of Gastric Cancer 

Histologic grading, however useful it may be in other tumors, 
has not been very helpful in estimating prognosis in gastric can- 
cer.5-i2,i3,ic,i7 There are many grade i cases with short survival and 
some grade 4 cases with unexpectedly long life. The grading systems 
have been based principally on cell differentiation and on the degree 
of resemblance to, or deviation from, the normal glandular pattern. 
The failure of that method is explained by the fact that some forms of 
cancer which must be given a “bad” grade are now known to be asso- 
ciated with a good prognosis. 


Table III 

Comparison of Histologic Type and Former Microscopic Grade in Five-Year and 
Short-Term Survivors after Gastrectomy for Cancer 


Histologic type 

Fiv'c-year survivors, 1 

microscopic grade j 

Surviving less than i year, 
microscopic grade 


1 

2 

3 1 

4 

Total 

cases 

X 

2 

3 

4 

Total 

cases 

Adenocarcinoma 


5 

i 

7 

2 

14 

■ 

■ 

B 

13 

16 

Special undifferentiated 






■ 

■ 

B 

i 


carcinoma 




6 

6 





0 

Undifferentiated small round 






H 

H 

B 



cell tumor 




3 

3 



B 


0 

Mixed type carcinoma 




3 

3 



B 


0 

Mucinous carcinoma 




3 

3 



B 


3 

Infiltrating scirrhous carcinoma 



! 

I 

I 

■ 

■ 

B 


! II 

Total 

0 

5 

! 7 

18 

30 

1 

1 

■ 


' 30 


Table III presents a comparison of histologic type and old micro- 
scopic grade in the 5-year and short-term survivors. The special 
undifferentiated carcinomas and the undifferentiated round cell tumors, 
now known to have a favorable prognosis, must, by the grading system 
formerly employed, be given the unfavorable grade 4. Since they con- 
stitute nearly one-third of the 5-year survivors, a great error is intro- 
duced by them alone. The mucinous, mixed type, and many of the 
adenocarcinomas were also grade 4, yet their' proved course is now 
known to have been favorable. Altogether, 25 of the 30 5-year sur- 
vivors were given the unfavorable grades 3 and 4. The grading system 
was too simple to be successful, and it must now be modified. 

Histologic grading appears to work best in tumors derived from 
simple epithelia in which cells of only one basic type are present. Good 
examples are the tumors arising from stratified squamous epithelium, 
transitional epithelium, or simple columnar epithelium, as in the rec- 
tum. When more complex epithelia are concerned, such as those in 
the mammary gland, lungs, and stomach (where the surface mucus- 
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secreting cells, neck cells, chief cells, parietal cells, argentaffine cells, 
and sometimes Paneth cells are present), the morphologic potentialities 
are so complicated that a simple grading system is inadequate. The 
potentialities of chief and parietal cells in pure tumor form are not 
known, to our knowledge. It is not known whether they would grow 
solidly or have lumina. To be successful, any grading system applied 
to gastric cancer must take into account the complex nature of the 
epithelium, and the different types of tumor derivable therefrom. 

The histologic grading systems which have been applied to gastric 
cancer have placed chief emphasis on the degree of perfection of the 
glands, which is a reflection of the differentiation of the individual 
cells. Some have taken into account also the extent of the tumor and 
the method of extension. The former was poorly correlated with long 
survival because lo of i8 patients in whom microscopic material was 
available showed metastases to regional lymph nodes (6 cases), or 
extensions into the perigastric tissues (4 cases), yet they survived for 
5 years. However, we have found that the method of extension is very 
important in and of itself. When it is combined with the other two 
factors, namely, the two special histologic types and the special de- 
generative change, an excellent correlation with 5 -year survival is 
found. 


Correlation of Gross Type, Histologic Grade, and 

Histologic Type 

In Table H a comparison is made between histologic type (not 
grade) of gastric cancer and macroscopic type of growth. Except for 
the special undifferentiated carcinomas and the undifferentiated small 
round cell tumors, both of which were of localized t5q5es (I and H), 
there is little correlation. Adenocarcinomas and mucinous carcinomas 
may be of any gross type from I to IV. Scirrhous carcinomas are 
usually of the infiltrative types HI and IV. 

In Table HI a comparison is made between histologic type and 
microscopic grade. The adenocarcinomas were distributed among mi- 
croscopic grades 2, 3, and 4. All other types were placed in grade 4 
because the cells appeared highly undifferentiated. The lack of close 
correlation between histologic grade and clinical outcome has previ- 
ously been stressed. 

A comparison between microscopic grade and macroscopic type is 
given in Table IV. The latter shows a better correlation with outcome 
than does the former. There is some slight degree of correlation be- 
tween them. That it is not greater is probably due to the imperfections 
in the microscopic grading system which was used. 



958 STEINER, MAIMON, PALMER, AND KIRSNER 

Comment 

This study revealed some factors associated with 5-year survival 
after gastrectomy which may be used in predicting prognosis. That the 
correlation was less than perfect may be attributed to the fact that the 
cancers in 5-year survivors do not constitute a biologically homoge- 
neous group. Long survival may be due either to cure because of the 
fortuitous circumstance of complete removal of tumor cells, or to slow 
growth of residual cancer cells. The latter group is biologically homo- 
geneous with respect to degree of malignancy but the former is not, 
being composed of two possible subgroups. Some may have been cured 
because, although highly malignant, the cancer cells were all removed; 
others were, no doubt, of low malignancy but were cured for the same 


Table IV 

Comparison Between Microscopic Grade and Macroscopic Type in Five-Year and 
Short-Term Survivors after Gastrectomy for Cancer 



reason. Inherently, the cells in some of the cases of true cure may be 
highly malignant and in others of low malignancy, but precise infor- 
mation as to which cases belong in each group is lacking because of 
absence of a biologic test, the tumors having been removed. The mor- 
phologic equivalents to high or low malignancy cannot be accurately de- 
termined by a study of this group. Theoretically, the highly malignant 
tumors should resemble morphologically those in the group of short- 
term survivors; the presence of such tumors in the 5-year survivor 
group would presumably be attributable to the removal of all cancer 
cells. Thus, possibly an error is introduced into any analysis of this 
group based on morphology. The cancers which recurred after 5 years 
form a more uniform biologic group in which the common factor is 
a demonstrated slow rate of growth. At the present time the 30 cases 
cannot be subdivided into these two biologic groups because the ulti- 
mate course is known in only 5. Some years hence, when accurate 
subclassification becomes possible, it may be possible to establish still 
more accurate relationships between morphology and prognosis. 

The cancers in the group surviving less than i year, unlike the S-year 
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survivors, constitute a homogeneous biologic group with respect to rate 
of growth. Inasmuch as they grew from microscopic residues to pro- 
duce fatal masses within a period of i year, they were uniform in hav- 
ing a rapid rate of growth. This homogeneity had its morphologic 
equivalents in noncircumscribed growth, absence of two favorable 
histologic types of tumor from the group, and absence of the special 
retrogressive change in its fully developed form. 

It should be emphasized that study of the margins of a gastric can- 
cer in microscopic sections properly prepared is more precise than is 
gross inspection. The numerous attempts in the past at macroscopic 
typing have been consistent in demonstrating considerable merit in 
the method, which often uses sharpness and elevation of the tumor 
margin as one criterion. However, the microscopic extent of a lesion is 
frequently greater than is visible to the unaided eye. Eker has seen 
microscopic extensions 5 cm. beyond the apparent margin of the tumor, 
and this observation can be confirmed by many others. For this reason 
degree of circumscription of a tumor as determined microscopically 
should be more reliable than gross typing. 

From the 5-year survivors and the controls it is possible to determine 
the amount and cause of the error in prognosis by macroscopic typing, 
histologic grading, or a combination. Four of the 30 5-year survivors 
would have been given an unfavorable prognosis by macroscopic t5rp- 
ing, being of type III (Table II), and 13 of the short-term group 
would have been given a good prognosis, inasmuch as they were of 
types I and II (Table II) . Twenty-five of the 5-year survivors would 
have been given a bad prognosis because they were in microscopic 
grades 3 and 4 (Table II). Only 4 cases would have been given a good 
prognosis by a combination of microscopic grades i and 2 and macro- 
scopic types I and II (Table IV). The error obviously would have 
been large by any of these methods. Macroscopic typing, alone, would 
have been better than the combination. 

It may be worthy of note that the method used to find factors which 
have prognostic significance was different in this than in previous stud- 
ies. It has been customary to apply predetermined criteria or stand- 
ards to a series of treated cases and to observe the correlations with 
length of survival. In the present investigation cases with known end- 
results were analyzed to discover factors not present in a control group 
of short-term survivors. 

Summary 

Thirty cases of gastric cancer in which the patients had survived for 
5 or more years after resection were compared with a control group of 
30 patients who had died of recurrence within i year. Efforts were 
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made to find factors with prognostic significance, explanations for the 
slow rate of growth observed occasionally, the relative importance of 
cure versus delayed reappearance of residual tumor cells as an explana- 
tion for s-year survival, and defects in grading systems for gastric 
cancer. 

Factors associated with 5-year survival were sharp circumscription 
of the tumor, two special histologic types of cancer, and a character- 
istic degeneration of tumor cells. These factors were more 'reliable in 
predicting outcome than were histologic grading or macroscopic typing 
or a combination of these methods. While the morphologic concomi- 
tants of slow rate of growth have been described, the causes remain 
unknown. 

Five-year survival after gastrectomy for cancer may be due to cure 
by complete extirpation or to slow rate of recurrence. The relative 
importance of these two factors cannot be determined until the ultimate 
outcome is known. 

The chief defect in macroscopic typing as a method for estimating 
prognosis lies in its inability to detect the finer degrees of circumscrip- 
tion of the tumor. The chief defects in histologic grading are the 
failure to recognize the favorable course of a few special t5^es of 
undifferentiated cancer, and the importance of circumscription and 
retrogressive changes in the tumor. 
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Plate 155 

Low-power photomicrographs (X 3) to compare circumscribed growth, irrespec- 
tive of histologic tj^e, in 5-year survivors (Figs, i, 2, 3, and 4) with infiltrative 

growth in short-term survivors (Figs. 5 and 6). 

Fig. I. An undifferentiated cell carcinoma which, has penetrated through the gastric 
wall en bloc. Figure 7 is a higher magnification showing the details of this 
tumor and of the junction of tumor and host. 

Fig. 2. An adenocarcinoma with similar deep penetration en bloc into muscle. 

Fig. 3. A circumscribed colloid carcinoma which is growing into muscle. Figure 
16 is a higher magnification of this tumor. 

Fig. 4. This is an imdifferentiated round cell tumor, similar to that shown in Figure 
IS, which has penetrated through the true muscle layers in circumscribed but 
nonencapsulated form. 

Fig. 5. This is an undifferentiated adenocarcinoma which is not circumscribed. 
Tumor is seen in the serosa and the perigastric adipose tissue. It is separated 
from the main tumor by intact muscularis. 

Fig. 6. A noncircumscribed mucinous carcinoma with infiltration into the serosa, 
by-passing intact muscle. 
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Plate 156 

Three tjqjes of histologic reaction (X 200) at the margins of three tumors of 

two different histologic types. *■ 

Fig. 7. Special undifferentiated carcinoma in direct relation to smooth muscle, 
with no anatomic barrier to explain the circumscribed growth and lack of 
infiltration. 

Fig. 8. Special undifferentiated carcinoma separated from muscle by an intense 
inflammatory reaction. Many of the advancing carcinoma cells show atrophy 
and pyknosis. Figure 14 illustrates the center of this tumor. 

Fig. 9. Fibrous tissue and inflammatory reaction are interposed between this 
adenocarcinoma and the adjacent muscle. Some of the outer tumor cells 
exhibit atrophy and pyknosis. Another view of this same section (Fig. ii) 
reveals no similar anatomic barrier as an explanation for the circumscription. 
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Plate 157 

Three examples of degenerative changes in carcinoma cells as a possible explana- 
tion for the slow rate of growth. X 200. 

Fig. 10. Widespread infiltrating scirrhous carcinoma showing atrophy and pyknosis 
resembling that seen in prostatic cancers after orchiectomy. 

Fig. II. Atrophic adenocarcinoma cells mi.xed with a few lymphocytes are found 
in edematous connective tissue beneath the muscularis mucosae. There is no 
anatomic barrier to infiltration by the cancer cells. Same case as shown in 
Figure 9. 

Fig. 12. The adenocarcinoma cells at the margin of the tumor are smaller and 
darker than those farther back in the same gland. 
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Plate 158 

Four of the more common histologic tj’pes of gastric cancer are represented in 
the 5-year survivors (X 200). Two of these tj^pes (Figs. 14 and 15) are not 
present in the series of short-term survdvors. 

Fig. 13. Metastasis of an adenocarcinoma at necropsy 12 years after gastric 
resection, and 22 years after e.xcision of a gastric adenoma malignum. 

Fig. 14. Special undifferentiated carcinoma of nonscirrhous tj^pe. (Another view 
of this tumor is shown in Fig. 8.) 

Fig. 15. Small-celled undifferentiated sarcoma or carcinoma, tj'pical of 3 cases. 

Fig. 16. Mucinous carcinoma, typical of 3 cases. (Low-power view is sho'mi 
in Fig. 3.) 
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HISTOLOGIC FEATURES OF CARCINOMA OF THE 
CARDIO-ESOPHAGEAL JUNCTION AND CARDIA 

Elsie McPeak, M.D., and Shields Warren, M.D. 

{From the Laboratory of Pathology, New England Deaconess Hospital, Boston 15, Mass.) 

The greater part of our present knowledge of the growth and be- 
havior of tumors is based on histologic studies. The importance of 
histologic classification of tumors in determining prognosis and therapy 
is obvious. The significance of the histogenesis of tumors is not gen- 
erally so clear. It is possible that a more useful classification of tu- 
mors may result from studies directed toward the histogenesis of 
tumors of similar type in different locations. The advantage of a 
classification on this basis is exemplified by studies on adnexal carci- 
noma of the skin.^'^ 

We are presenting a study of the histologic features of a series of 
carcinomas of the cardio-esophageal junction. This portion of the 
gastro-intestinal tract offers numerous possibilities for the origin of 
different types of carcinoma because of the presence of several varie- 
ties of epithelium; Stratified squamous epithelium of the esophageal 
mucosa, mucous epithelium of the free surface of the stomach and the 
gastric foveolae, the epithelium of the cardiac glands of the esophagus 
and the stomach, and the epithelium of the ducts and secretory portion 
of the esophageal glands. The statistics on incidence of carcinoma 
of the esophagus and of the stomach are not accurate, because of the 
listing of tumors of the cardio-esophageal portion with either organ. 
Notkin,** in an attempt to determine the relative incidence of carcinoma 
of the cardia, found that such cases were included indiscriminately 
with carcinomas of both esophagus and stomach. He suggested iso- 
lating tumors of this region in a special group. 

Literature on Types of Carcinoma of the Esophagus, Stomach, 

AND CaRDIO-EsOPHAGEAL JUNCTION 

Carcinomas confined either to the lowest segment of the esophagus 
or to the proximal portion of the stomach generally carry the charac- 
teristics of the respective organ and are either epidermoid carcinoma or 
adenocarcinoma, but there are exceptions. Adenocarcinomas some- 
times occur in the lower portion of the esophagus, seldom elsewhere.®'*® 
Adeno-acanthomas,**’*^ basal cell carcinomas,®’*® and undifferentiated 
carcinomas *>** of the esophagus also have been reported. Epidermoid 
carcinomas and adeno-acanthomas do occur in the stomach, but are 

* Aided by National Institute Grant No. 301. 

Read at the Fourth International Cancer Research Congress, September 3 to 6. 19.57. 

Received for publication, October 17. 1947. 
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extremely rare. In 1943 Wood’° reviewed the literature on tumors of 
the stomach which showed epidermoid characteristics and found 9 
examples of pure epidermoid carcinoma and 9 of adeno-acanthoma of 
the stomach proper. To these he added 2 cases of adeno-acanthoma. 
In 276 consecutively resected carcinomas of the stomach, we have 
found 10 cases of adeno-acanthoma, 8 of which occurred at the cardio- 
esophageal junction and 2 in the pyloric region. We did not find a 
case of pure epidermoid type. 

The carcinomas of the cardio-esophageal junction have not been pre- 
sented as a special group in the past, but may be found reported with 
carcinomas of either the esophagus or the stomach. Wood did find 
reports of 5 cases of epidermoid carcinoma of this junction and one 
of adeno-acanthoma. An additional case of adeno-acanthoma and 3 
cases of epidermoid carcinoma are found in the literature. State- 
ments occur frequently in the literature as to the difficulty in determin- 
ing the origin of tumors occurring at the junction between esophagus 
and stomach.^®'^^ Mallory stated that clinically or by roentgenologic 
examination it is impossible to distinguish the site of origin, that 
often it is impossible at autopsy, and that even histologic examination 
may not settle the issue. For this reason it would appear wise to 
isolate this group of tumors as Nothin suggested. 

General Review of Material 

A study has been made of 65 cases of carcinoma of the cardio- 
esophageal junction collected in the laboratory of the New England 
Deaconess Hospital from 1927 through part of 1947. These included 
59 cases which definitely involved both stomach and esophagus, in 
addition to 6 cases which occurred so near the junction that involve- 
ment could not be ruled out except by serial sections. Fifty-seven of 
these tumors were resected specimens and 8 were obtained at autopsy. 
Most of the specimens were fixed in toto in Zenker’s fixative. Mul- 
tiple blocks were taken from various areas. All were stained with 
hematoxylin and eosin and many of them with eosin and methylene 
blue, van Gieson’s stain, Papanicolaou’s stain, phosphotungstic acid 
hematoxylin, Mallory’s aniline blue, and Regaud’s iron-hematoxylin 
stain. 

A review of the gross aspects of these tumors provided no informa- 
tion for classification in addition to that already recorded for tumors 
of the esophagus and stomach. It is possible that in the future more 
detailed descriptions of the gross appearance of tumors in this region 
may reveal some features which can be correlated with the types iso- 
lated on histologic grounds. The chief feature of interest from review 
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of the gross appearance was the extent of involvement of esophagus 
or stomach as correlated with the histologic type. 

Classification of the tumors on histologic grounds results in four 
groups: I, Epidermoid carcinoma; II, adeno-acanthoma; III, papil- 
lary adenocarcinoma with subgroups A and B; IV, miscellaneous, 
which includes adenocarcinomas and carcinoma simplex character- 
istic of carcinomas commonly found in other areas of the stomach. 
Table I shows the percentage of each group in the total series of car- 
cinomas of the cardio-esophageal junction. Table II shows the extent 
of involvement of esophagus and stomach as found in the different 


Table 1 

Types of Carcinoma at Cardio-Esophageal Junction and Cardia 


Type 

No, of cases 

Percentage 

Epidermoid carcinoma 

2 

3 

Adeno-acanthoma (salivary gland type) 

Papillary adenocarcinoma 

8 

12 

Subgroup A 

3 

5 

Subgroup B 

16 

25 

Miscellaneous 

36 

ss 

Total 

6s 



groups. It is evident that each of the groups can involve both esopha- 
gus and stomach. It is also to be noted that, relatively speaking, the 
first' three types show a greater tendency to involve more of the 
esophagus and the fourth more of the stomach. 

Histology of the Different Groups 
Group /. Epidermoid Carcinoma 

The epidermoid carcinomas were represented by only 2 cases. There 
were no unusual features in either, both following the usual pattern of 
pure epidermoid carcinoma of similar grades (epidermoid I and II) 
in any other region of the body. Both were resected specimens and 
both revealed metastases to regional lymph nodes. The metastases 
presented the same histologic pattern as the primary tumor. 

Group 11. Adeno-Acanthoma 

In group II there were 8 cases. These tumors were tentatively 
classified as adeno-acanthomas, since that name describes the two 
most striking histologic patterns in these lesions. However, these par- 
ticular tumors appeared to be different from adeno-acanthomas in 
other locations, as will be brought out in later discussion. It is seen in 
Table H that these tumors may involve esophagus and stomach to 
approximately the same extent, or the major portion of a tumor may 
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lie in either organ. The microscopic features were varied. The nu- 
merous types of histologic pattern may be summarized as follows. 

I. Tumors with various epidermoid characteristics, as definite kera- 
tinizing cell masses with typical pearl formation (Fig, i), single cell 
keratinization (Fig. 2), cells without keratinization but showing defi- 
nite intercellular bridges, cells with markedly acidophilic cytoplasm 
(eosin), cells with large areas of vacuolization in the cytoplasm often 
containing a flattened pyknotic nucleus (Fig, 3),- mosaic pattern of 
cell arrangement in which cell borders are very sharp and nests of 
cells with flattened nuclei are arranged in whorl-like formation sug- 
gesting early pearl formation (Fig. 2). Special stains aid in empha- 
sizing the different characteristics common to keratinized epithelium. 


Table II 

Extent of Involvement of Esophagus and Stomach by Tumor 


Type 

Major portion 
in esophagus 

Major portion 
in stomach 

Equal 

involvement 

Epidermoid carcinoma 

0 

I 1 

I 

Adeno-acantlioma (salivary gland type) 
Papillary adenocarcinoma 

2 

5 

I 

Subgroup A 

I 

2 

0 

Subgroup B 

5 

II 

0 

Miscellaneous 

0 

1 

32 

3 

1 ' 


e.g., single cells with keratinization stain intense yellow with van 
Gieson’s stain and orange with Papanicolaou’s stain; phosphotungstic 
acid hematoxylin emphasizes intercellular bridges, mosaic pattern, and 
nests of cells in whorl formation. 

2. Papillary adenocarcinoma, in which there are commonly large 
duct-like structures, usually with a very distinct basement rhembrane, 
containing varying amounts of proliferating papillary projections (Fig. 
4). In some instances this proliferation is so exuberant and anastomoses 
and coalescence of papillary projections are so frequent as to form 
almost solid masses. The epithelium varies from low columnar to very 
tall cylindrical cells. The former usually have a large round or broad 
oval nucleus, and the latter a long, narrow, oval nucleus. Either type 
may show variation in staining, from an intense acidophilic color to 
an almost clear cytoplasm. 

3. Mucinous carcinoma, in which the amount of mucin varies from 
extensive with large amounts in the stroma and no tumor cells visible 
to moderate with the glands partially lined by epithelial cells which are 
markedly distended with mucus. 

4. Undifferentiated carcinoma, represented by cell masses of varying 
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size, in' some instances composed entirely of round and polyhedral 
cells with rather indistinct cell borders and showing a light vesicular 
cytoplasm and relatively large nucleus. In other instances, similar cells 
are surrounded by a layer of tall cylindrical cells. Some of these 
masses appear to have been formed by the coalescence of papillary 
projections similar to those found in the glands of the papillary adeno- 
carcinoma. There is often honeycombing of such masses by numerous 
small lumina which at times appear to be spaces left during coalescence 
of papillae and in other instances to be due to degeneration of a cell 
or cells to form small cysts. 

5. Intimate admixture of different types of cells, with character- 
istics of keratinizing epithelium, glandular ceUs and undifferentiated 
cells (Fig. 5). There was variation in the extent of any one histologic 
pattern and in the degree of cellular differentiation from case to case. 
Extremes were represented by one example in which about 50 per cent 
of the tumor consisted of epidermoid carcinoma, grade I, about 35 per 
cent adenocarcinoma and undifferentiated carcinoma, and 15 per cent 
admixture of the three patterns; and by another case showing most 
of the tumor to be adenocarcinoma and undifferentiated tumor cell 
masses with honeycombing by numerous small lumina, with only very 
limited squamous cell differentiation represented by single cells show- 
ing early keratinization and vacuolization and by nests of cells in 
whorl-like arrangement. Four of the 8 cases in this group were autopsy 
specimens and 4 resected specimens. The 4 autopsy cases showed 
metastases to the following areas: Regional lymph nodes, pancreas, 
adrenals, liver, peritoneum, diaphragm, and lung. Two resected cases 
showed metastases in regional lymph nodes; one case showed no in- 
volvement of nodes, and the fourth was not accompanied by nodes. 
Metastases in most instances showed less differentiation of cells, both 
as to epidermoid characteristics and glandular differentiation, than 
was shown in the primary tumors. 

Group 111 . Papillary Adenocarcinomas 

There were 19 cases in the group of papillary adenocarcinomas and 
these were divided into two subgroups. Subgroup A consisted of 3 
cases which showed portions of the tumor with a pattern of papillary 
adenocarcinoma, but in which the remainder of the tumor was differ- 
ent from the other 16 cases in this group, different from the usual 
stomach carcinoma and even different from other examples in this 
subgroup. Subgroup B consisted of 16 cases in which the outstanding 
histologic feature was that of a papillar}^ adenocarcinoma which grew 
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into the wall with an inversion of the papillary structure. This inver- 
sion of the growth was in contrast to Borrmann’s type I, papillary 
adenocarcinoma of the stomach. 

Subgroup A 

The three cases, placed together in subgroup A, showed the follow- 
ing histologic pictures in addition to the pattern of papillary adeno- 
carcinoma in each. 

Case I was an autopsy specimen in which the major portion of 
the tumor was in the esophagus. The papillary adenocarcinomatous 
pattern occurred only in the primary tumor. The remainder of the pri- 
mary tumor and the metastases revealed glands lined bj’' cuboidal 
cells, anastomosing cords of cuboidal cells, as well as small, solid 
masses of these cells in which tiny lumina appeared (Fig. 6). The 
glands were often lined by two layers of these cells. The cells in these 
areas were fairly uniform in size and shape, containing uniformly small, 
round, somewhat pyknotic nuclei. The stroma, particularly in the 
metastases, showed a somewhat myi^omatous appearance. Mitotic 
figures were imcommon. The metastases were found in the liver, skin, 
subcutaneous tissue, and regional lymph nodes. 

Case 2 was a resected specimen in which there was a very small 
region of papillary adenocarcinoma in the primary lesion. The remain- 
der of the primary tumor and the metastases in the regional nodes 
showed anastomosing cords of cells, small nests of cells, and cells in 
adenoid arrangement (Fig. 7). These tumor cells were uniformly small 
and round with rather acidophilic C3d;oplasm (eosin) and contained 
uniformly small, round, centrally placed hyperchromatic nuclei. Mi- 
totic figures were very rare. 

Case 3 also was a resected specimen in which the papillary adeno- 
carcinoma occurred in only a small portion of the primary tumor. The 
major part of the tumor was composed of solid, garland-like, broad 
strands of cylindric cells. The pattern seen in a part of the area of 
papillary adenocarcinoma which showed glands lined by tall, cylindric 
cells suggested that these solid strands of cylindric cells might be 
formed in some instances by coalescence of papillary projections. There 
was no tumor in the single node which accompanied the specimen, but 
carcinoma cells were present in the omental fat. 

Subgroup B 

Subgroup B was made up of 16 cases which were characterized by 
an inversion of the papillary structure, expansile t3^e of growth, 
tendency to cyst formation, and presence of pseudo-stratification and 
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Stratification of epithelial cells. The group was separated from the 
miscellaneous group on the basis of the following features: 

1. Five of the 1 6 tumors involved largely the esophagus in the gross, 
as contrasted to the miscellaneous group, in which in not a single in- 
stance was the esophagus more involved than the stomach. 

2. There was a marked tendency toward large duct-like structures 
(Fig. lo), often dilated to cystic proportions (Fig. 8), which showed 
a very distinct connective tissue wall in many instances that sepa- 
rated the tumor into adenoma-like areas (Fig. 9). The growth tended 
to be expansive rather than infiltrative, as is more common in the 
usual adenocarcinoma of gastric origin. 

3. The tumor tissue of this group tended to involve the submucosal 
and muscular layers of the stomach rather than the mucosa. 

4. The duct-like structures were lined by epithelium that was thrown 
into varying sized, finger-like branching projections supported by 
varying amounts of vascular strands of connective tissue. The epi- 
thelium sometimes outgrew the connective tissue, forming thick masses 
or convoluted layers which fused with one another. In such a manner, 
secondary lumina might honeycomb the more diffuse epithelial masses 
(Fig. 10). The resemblance of this type of growth to the areas of 
papillary adenocarcinoma of the adeno-acanthomas in the present 
series of tumors may be noted. Many times such portions gave the 
impression of papillomas that were inverted rather than everted and 
were sometimes referred to as pseudo-papillary tumors (Fig. 9). 

5. The lining epithelial cells might be a single cell layer or they 
might be pseudo-stratified or even stratified in small areas. In either 
case they might be tall and cylindric or cuboidal, but they tended to 
be of uniform size (Figs, ii and 12). 

6. The cell outlines were moderately sharp, and there was reten- 
tion of polarity and basement membrane. Even in the portions with 
exuberant growth, the cells tended to be more sharply defined than 
in the more characteristic syncytium-like growth of the usual gastric 
carcinoma (Figs. 10, ii, and 12). 

7. Occasionally a few cells were in whorl-like arrangement, a pat- 
tern seen in the adeno-acanthomas. 

8. Variable staining reaction of the cytoplasm of the epithelial cells 
was present, but there was a tendency toward strongly acidophilic 
staining (eosin). Rarely, this might be so marked in a single cell as 
to suggest early keratinization. 

9. The nuclei were, on the whole, uniform in shape and size, and 
often lay toward the base of the cells. Most nuclei were long and oval, 
and many were extremely thin and hyperchromatic, almost pyknotic. 
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They were relatively small in comparison to the amount of cytoplasm 
(Figs. II and 12). Mitotic figures usually were infrequent, though 
in some tumors they were more numerous. 

10. The cysts usually contained masses of granular, hyalin-like 
material as well as large numbers of squame-like forms (Fig. ii). The 
latter apparently represented the desquamation of the long, thin nuclei 
noted above (stained blue with iron hematoxylin). 

11. Necrosis of small cell groups with small cyst formation was com- 

mon. More extensive necrosis of larger areas of the tumor was not in- 
frequent. :■ 

12. Extensive inflammation characterized by large masses of poly- 
nuclear cells, lymphoc3d;es, and plasma cells was not infrequent. 

13. Mucinous secretion of extensive degree occurred in some tumors. 
Often there were large cysts lined by tall, cylindric cells distended with 
mucus. The lumina of the cysts might contain a few cells as well as 
masses and strands of mucus which often diffused into the surrounding 
stroma. This type of mucinous secretion was seen in gastric carcinoma, 
but was somewhat less frequent than is the signet-ring t3^e of car- 
cinoma. 

The tumors in this group showed the above characteristics in both 
the primary growth and the metastases. In the 4 cases on which an 
autopsy was performed, only one showed distant metastases. In all of 
the 16 tumors in this group, the glandular differentiation was between 
75 and 100 per cent, with 100 per cent in most instances. In some 
there were small glands like those seen in the usual gastric carcinoma. 
A sharp line between this group and highly differentiated adenocar- 
cinomas of definite gastric origin could not be drawn, but the above 
characteristics appeared to be distinct enough to separate cases of 
that type for further study as to their behavior. 

Group IV. Miscellaneous Group 

The miscellaneous group of 32 cases included all of the adenocarci- 
nomas that did not fall into group III, subgroup B, as well as the 
cases of carcinoma simplex and of mucinous carcinoma. It is not 
necessary to describe in detail all of the variations seen in this group, 
but merely to point out differences between the glandular tumors of 
this group and group III, subgroup B. Most of the carcinomas of 
well differentiated glandular type were of three general types: (i) Pap- 
illary form (9 cases), also known as Borrmann’s type I or fungating 
carcinoma, which grew into the lumen of the stomach rather than into 
the wall, in contrast to those of group III, subgroup B, which we have 
called papillary adenocarcinoma. (2) Adenocarcinoma of a high de- 
gree of glandular differentiation resembling intestinal adenocarcinoma 
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(5 cases), which were similar to group III, subgroup B, in their sharp 
delineation of glands with uniform epithelial lining cells and retention 
of cell polarity and of basement membrane. They nearly always 
showed a single layer of epithelial cells lining the glands. Duct-like 
structures and cyst formation were not seen. (3) Adenocarcinomas 
with varying amounts of glandular differentiation, in which glands were 
variable in size and, as a rule, were markedly tortuous. Sometimes 
there was cyst formation in portions of these tumors and then it was 
often difficult to separate such a tumor from the papillary adeno- 
carcinomas of group III, subgroup B. 

In the miscellaneous tumors, there were 18 cases which showed 75 to 
100 per cent glandular differentiation. The other cases in this group 
showed varying amounts of differentiation to glandular form and 
included a few diffuse infiltrating carcinomas lacking any gland forma- 
tion. 

Embryology and Histology of Caedio-Esophageal Junction 

The esophagus, stomach, and respiratory systems all develop from 
the entodermal layer in the form of a hollow tube. The differentiation 
of these structures from each other takes place at different stages of 
development, being completed by the seventh week. At first this tube 
is lined by a simple layer of low-columnar epithelium. Following the 
separation of the esophagus, stomach, and respiratory system, the 
epithelium of the esophagus as well as of the respiratory system is 
transformed into ciliated epithelium. Then in the esophagus clear, 
vesicle-like, glycogen-containing elements appear between the ciliated 
cells. Later these glycogen-containing cells are transformed into super- 
ficial squamous cells and partly into ciliated cells. Finally the ciliated 
cells are reduced in number and are usually completely desquamated 
at birth, leaving the esophagus lined by stratified squamous epithe- 
lium.^^’^^ 

The esophagus contains two types of glands, esophageal glands which 
are found in the submucous layer and superficial glands, termed “car- 
diac glands,” found in the lamina propria mucosae. The esophageal 
glands are entirely mucus-producing glands.-" They are formed by 
epithelial cells growing out from the surface epithelium through the 
muscularis mucosae in the form of ducts with subsequent glandular 
development in the submucosa.^® These structures occur at all levels 
of the esophagus, vary greatly in number and distribution in different 
individuals, and often give rise to cysts.-" The glands are compound 
with branched tubulo-alveolar terminal portions containing purely 
mucous epithelium. The epithelium lining the smallest ducts is cuboidal 
or low-columnar, becoming stratified in the larger ducts, and in the en- 
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larged main duct the lining is made up of stratified squamous epithe- 
lium.“‘‘ These glands are identical with the small mucous glands of 
the oral and nasal cavities, pharynx, larynx, trachea, and bronchi, 
some of which are considered to be salivary glands of the mucous 
type.""^ 

The “cardiac glands,” given that name because of their resemblance 
to the cardiac glands of the stomach, are found also at different levels 
in the esophagus,^^ although they are more prominent at the level of the 
cricoid cartilage and at the point of transition of esophagus and stom- 
ach.^® The terminal portions have branched and curled tubules con- 
taining columnar or cuboidal cells which give the mucin reaction. The 
excretory ducts are lined by tall-columnar cells similar to the mucous 
epithelial cells of the gastric foveolae.^'^ It is probable that in the 
descent of the stomach a few rests of cells that are destined to become 
gastric mucosa remain in the esophageal portion of the gut and become 
islets of gastric mucosa."^ At times these glands contain a few parietal 
cells or zymogenic chief cells which, according to Bensley,"'’ indicates, 
along with otlier features, that these glands represent decadent or 
retrogressive structures derived from fundus glands. 

, The “cardiac glands,” as described in the esophagus, extend vary- 
ing distances into the stomach. In our present study we will confine 
our interest to this zone. These glands blend gradually with the fundic 
glands, which contain numerous parietal and zymogenic chief cells. The 
other types of epithelium of interest in the stomach immediately 
adjacent to the esophagus are the surface epithelium of tall-columnar, 
mucus-producing type like that in the ducts of the “cardiac glands” and 
occasional patches of stratified squamous epithelium which replace 
the surface epithelium. These patches of squamous epithelium may 
represent suppression of the gastric glands with replacement of the 
mucigenous epithelium, as is thought to occur in rodents and rumi- 
nants.^’’ According to Kirk and Lim,®^ the mucous cells of the surface 
of the stomach are probably the most primitive of all gastric epithelia, 
with mucous cells of the cardiac and pyloric glands a little more spe- 
cialized and with the highest cyto-differentiation shown in the parietal 
and zymogenic chief cells. 

Histogenesis of Certain Tumors of the Cardio-Esophageae 

Junction 

Group 7. Epidermoid Carcinomas 

The origin of the pure epidermoid carcinomas of the cardio- 
esophageal junction has been attributed to the squamous cell epithe- 
lium of the esophagus.^’’ Such tumors could' arise in the squamous 
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epithelial patches in the stomach and extend up to involve the junction. 
Or they could originate in the glandular portion of stomach mucosa, 
since such tumors do occur in the stomach at sites too distant from the 
junction to be attributed to squamous epithelial patches.^^ The histo- 
genesis of the latter t3q)e of epidermoid carcinoma is discussed by 
Wbod.^^ Since both of the epidermoid tumors in this series are straight- 
forward keratinizing tumors, the more likely origin is in the esopha- 
gus. 

Group II. Adeno- Acanthomas 

The 8 cases of carcinoma of the cardio-esophageal junction which 
we have called adeno-acanthomas were given that name on the basis 
of the combination of glandular cells and cells with characteristics of 
keratinizing epithelium. We are convinced that the comparison of 
these tumors with our 2 cases of adeno-acanthoma of the pyloric region 
of the stomach shows a difference in the histologic pattern and possibly 
in the mode of origin. We believe the adeno-acanthomas in our group 
represent tumors to be classified with salivary gland tumors of other 
regions of the body. These tumors are similar to an adeno-acanthoma 
of the esophagus which we have reported recently.^^ This case showed 
certain features which differed from adeno-acanthomas in the stomach 
(pyloric region intestine,®^ and gallbladder.^^’ We expressed the 
opinion in that report that this tumor probably arose in the esophageal 
^ glands, which are mucous glands of the salivary gland t3q)e. Reports 
such as Ahlbom’s in 1935 on tumors of the mucous-serous glands of 
the mouth and Ringertz’ in 1938 on similar tumors of these glands 
in the nasal cavities, accessory sinuses, and nasopharynx emphasized 
the importance of these glands as a source of carcinoma. 

The reader is referred to these authors for comparison of the histo- 
logic features and mode of development of these tumors, but, in brief, 
Ahlbom stated that such tumors show widely varied patterns, some- 
times in a single case, e.g., tumors that are mainly adenocarcinoma 
often show cylindromatous features, papillary cystic structures, or 
solid epithelial areas resembling basal cell carcinoma or even squamous 
cell carcinoma; and that squamous epithelial types usually show one 
or more additional structural types. Often metastases, according to 
Ahlbom, may differ from most of the primary tumor, though usually 
the structure occurs in the primary tumor to some extent. Ringertz 
also described widely var3dng patterns that are found in salivary gland 
tumors, even several histologic patterns in one case. It is this tendency 
to multiplicity of patterns in a single^ case that is convincing evidence 
for classification of these 8 cases of combined glandular and squamous 
cell carcinomas as salivar}’- gland tumors. In the adeno-acanthomas 
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found in other locations, the pattern is similar to the picture produced 
by areas of squamous cell metaplasia in normal glandular epithelium. 
The single cell keratinization, the whorl-like nests of cells, mosaic 
pattern, and vacuolization of cells are lacking. Of course, that type of 
adeno-acanthoma could occur also at the cardio-esophageal junction, 
but we have no cases of this type. 

In these 8 cases of carcinoma of salivary gland type of the cardio- 
esophageal junction and in the case of esophageal adeno-acanthoma 
mentioned above we have been unable to trace direct origin to any 
portion of the esophageal glands. Little emphasis has been placed on 
the submucous glands of the esophagus as a source of carcinoma, Clay- 
ton reported an adenocarcinoma of the upper one-third of the esoph- 
agus, which he attributed to the esophageal glands. Ahlbom stated 
that rare reports of basal cell carcinoma of the esophagus may repre- 
sent tumors of these glands. He referred to a case report of a mixed 
tumor of the esophagus which he believed might be of the salivary 
gland type with its origin in the esophageal glands. A rare case report 
of an adenocarcinoma of the esophagus in regions where the cardiac 
glands are infrequent suggests that the esophageal glands can give rise 
to carcinoma.^®’®® Recently in our laboratory we reviewed a case of 
resected carcinoma of the esophagus in which the upper portion of 
the tumor began at the level of the aortic arch and involved 3.5 cm. 
of the esophageal wall below this level. This tumor showed areas of 
typical epidermoid carcinoma, grade I, in addition to several carcinom- 
atous glands. In one area there were ducts typical of esophageal gland 
ducts, which showed early carcinomatous changes. This case is strong 
support for directing attention to the esophageal glands as a possible 
source of carcinoma. 

Group III. Papillary Adenocarcinoma 
Subgroup A 

Again in the papillary adenocarcinomas we have tumors which show 
a combination of patterns. Each tumor revealed a limited area of 
papillary adenocarcinoma similar to that seen in many of the adeno- 
acanthomas of group II. In addition, there is an entirely different 
histologic picture from that of any other tumor of the entire series. 
The first case, as can be noted from previous description, showed a 
pattern in the primary growth as well as in the metastases that was 
very similar to that seen in salivary gland tumors both of the mixed 
t5rpe and of the type seen more frequently in the mouth and naso- 
phar3mx, which has been termed basalioma.®*'’®® The second case had 
a somewhat similar pattern although not as characteristic; but the 
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marked uniformity of cells as to size, shape, and arrangement, as well 
as similar uniformity of nuclei, set this apart. Perhaps it represents 
an undifferentiated carcinoma of the salivary gland type.^® The third 
case showed a structural form in the major portion of the tumor that 
could be compared with Ringertz’^® solid cylindric cell carcinoma which 
he found fairly frequently in the nasopharyngeal region. These tumors, 
he beheved, may start as inverted papillary projections of cylindric 
epithelium in which lumina are formed and then become filled with 
proliferating tumor cells so that broad, solid strands of cylindric epi- 
thelium are formed. Branching of such strands and further coalescence 
may occur. The epithelium tends to grow in stratified layers and early 
squamous cell differentiation is not uncommon. However, he stated 
that the origin of such tumors is not entirely clear-cut, since they might 
start from surface epithelium of the nasopharynx (columnar epithe- 
lium) as well as from ducts of salivary glands, whereas the basalioma 
type appears to have clear-cut origin in the glandular part of the 
salivary glands. In line with the possibility of origin from surface epi- 
thelium, Kaufmann referred to a solid cylindric cell carcinoma of the 
stomach described by Hauser, which Kaufmann stated might be classed 
as the basal cell carcinoma of cylindric epithelial mucosae described 
by Krompecher. Kaufmann considered such tumors rare, and certainly 
recent literature does not mention them. It is of interest that the first 
case in this group showed the major portion of the tumor in the esopha- 
gus. It would appear that in the first 2 cases the most likely source 
was the esophageal glands and that in the third case it could have been 
in these glands or possibly in the cylindric epithelium of the ‘‘cardiac 
glands” or surface mucosa of the stomach. 

Subgroup B 

The tumors of subgroup B which have been described as to certain 
specific characteristics could arise in several different sites; Mucous 
epithelium of the free surface of the stomach, the gastric pits or necks 
of gastric glands, the tall-columnar epithelium of the excretory ducts 
of the “cardiac glands” of the esophagus, ducts of the esophageal 
glands, or possibly from the terminal portions of any one of the glands. 
It is not imlikely that different tumors originate in all of these sites, 
although the pattern does not suggest the last source listed. However, 
Ringertz pointed out that carcinoma of cylindric cell type and adeno- 
carcinoma supposed to arise in the glandular epithelium cannot be 
sharply separated. MacCallum mentioned the tendency for tumors 
of the cervix uteri to develop near the line of transition of stratified 
into cylindric epithelium. Ewing also referred to such transition 



9^4 


MCPEAK AND WARREN 


zones in the esophagus as being a predisposing factor for epithelioma. 
At the cardio-esophageal junction there is ample opportunity for such 
factors since the transition zones are multiple: Surface squamous 
epithelium of esophagus to surface mucous epithelium of stomach, and 
several such areas may appear when there are patches of squamous 
epithelium in the stomach; squamous epithelium to columnar epithe- 
lium of the ducts of the cardiac glands; and squamous epithelium to 
stratified cuboidal and columnar epithelium in the ducts of the esophag- 
eal glands. 

Proof of any specific origin for any one tumor of this group is not 
possible. This is particularly evident when we find similar tumors 
described as gastric tumors of other areas. Ewing mentioned a 
tumor of stomach origin, described by Hauser,^” which he called carci- 
noma cylindro-cellulare microcysticum which resembled closely some 
carcinomas of this group. However, this author stated that such tu- 
mors are not common and are usually found at the pylorus. On the 
other hand, Ahlbom and Ringer tz in their classifications of types 
of salivary gland tumors included papillary cystic adenocarcinomas. 
It is not infrequent to find combinations of papillary cystic adenocarci- 
noma, alveolar carcinoma, and mucinous carcinoma in a single salivary 
gland tumor; but such combinations can be found also in carcinomas of 
gastric origin. Thus the only conclusion can be that we have an adenocar- 
cinoma that tends to be an inverted, somewhat circumscribed papillary 
tumor, often with cystic degeneration, showing certain specific features 
in the epithelium, that may arise in the esophageal glands as well as in 
other tissues. The presence of areas of a very similar type of papillary 
adenocarcinoma in tumors of group II points to the esophageal glands 
as a source of the tumors just discussed. 

Group IV. Miscellaneous Group 

In the miscellaneous group are included all other glandular tumors, as 
well as the, examples of carcinoma simplex and mucinous carcinoma. 
These tumors are of the same t3q)es as those commonly found in the 
stomach at other sites. The line between those which show a high 
percentage (75 to 100 per cent) of glandular differentiation and the 
tumors of group III, subgroup B, cannot be sharply drawn. There 
wiU be no attempt to trace specifically the histogenesis of these tumors, 
since neither the literature nor our study permits any very definite 
theories. Stout stated that most carcinomas of the stomach are 
derived from mucous epithelium. Whipple and Raiford indirectly 
suggested the origin of carcinoma of the stomach in other than the 
mucous cells. They found that the majority of gastric carcinomas 
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differ from the carcinomas of other parts of the gastro-intestinal tract, 
that they are less well differentiated and are therefore more malignant. 
Such a difference they believed may be due to a greater variety of 
type and function of epithelial cells of gastric mucosa. Other observ- 
ers have made similar statements. 

It is, however, interesting to record a few points about some of these 
tumors which may suggest certain theoretic considerations as to spe- 
cific origin. In this miscellaneous group, 18 cases, or 50 per cent, 
showed glandular differentiation of 75 to 100 per cent. If we add the 
16 cases of group III, subgroup B, also differentiated to this degree, 
the percentage of those so differentiated is raised to 65.4 per cent of 
the 52 tumors. In a review of 20 cases of gastric carcinoma of other 


Table III 

Carcinomas with 75 to 100 Per Cent Glandular Di^erentiation 


! 

Type 

No. of cases 

No, of cases with 
75 to 100% glandular 
differentiation 

Percentage with 

75 to 100% glandular 
differentiation 

Papillary adenocarcinoma, subgroup B 

16 

16 

100 

Miscellaneous group 

36 

iS 

5 ° 

Total 

52 

34 

65-4 


areas, we found only 25 per cent with this degree of differentiation. 
Schindler, Steiner, Smith, and Dailey in grading 50 cases found only 
28 per cent and Dochat and Gray found 33 per cent of 1,045 cases. 
Borrmann’s t3^e I carcinoma is represented in the present series by 
9 cases, or 14 per cent (2 cases of squamous cell carcinoma excluded), 
or 16 per cent if we exclude groups I and II. This is contrasted with 
20 cases, or 9.5 per cent, of this type I in 21 1 cases of carcinoma in 
other parts of the stomach. In addition, there were 5 cases in the 
group that resembled adenocarcinoma of the large intestine of a type 
that often reminds one of a simple adenoma. 

Since a high level of glandular differentiation is considered to be an 
indication that tumors will reproduce more nearly normal tissue, we 
might expect tumors derived from epithelial cells of simple type and 
less -complicated function to reproduce the normal pattern more fre- 
quently. We noted under the review of the embryology and histology 
of the cardio-esophageal area that the cells of the surface mucous 
epithelium of the stomach and of the mucous epithelium of the cardiac 
and pyloric regions are more primitive (and their function probably 
less specialized) than the cells of the gastric glands of the fundus and 
antrum. Thus the high percentage of more highly differentiated tumors 
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in the cardio-esophageal junction may point toward origin in the more 
simple mucous epithelium, whereas the more anaplastic carcinomas, 
found more frequently in other areas of the stomach, may represent 
tumors arising in cells with more highly specialized function. 

Behavior of Tumors of the Cardio-Esophageal Junction 

Definite conclusions as to the behavior of these tumors cannot be 
drawn on such a small series. In the future, however, as more tumors 
are studied from this region, the statistical evidence, may be increased 
to figures which are significant. 

In Table IV, the average age and the sex is recorded for each group. 


Table TV 

Sex attd Age Distribution of the Different Types of Carcinoma 


Sex 

Epidpmoid 

carcinoma 

Adeno- 
acanthoma 
(saliv-ary 
gland type) 

Papillary adt 

Subgroup A 

inocardnoma 

Subgroup B 

Miscel- 

laneous 

Total no. 
cases 

Percentage 

Males 

I 

s 

3 

IS 

26 

50 

77 

Females 

I 

3 

0 

I 

10 

15 

23 

Average age 

56 yrs. 

1 

62.5 

52 

55 

5^0 

56.8 



As is evident, there was no striking difference between any of the 
groups as to age incidence. The average age in a series of 225 carci- 
nomas of the stomach from other areas, collected in our laboratory, 
is 56.8 yrs. The age range for carcinoma of the esophagus and stomach 
is quoted as commonly between 50 and 60 years of age, although either 
can occur at a much younger or older age level.®’^^’^®'^’^ Ahlbom^® 
reported the average age for malignant salivary gland tumors as 52 
years, but it may be that those of the type similar to the tumors in the 
present series would show a different age level. 

Males outnumbered the females in each group, and in the entire 
series there are three times as many males as females. This again is in 
accord with the reported higher incidence of carcinoma of the esopha- 
gus and stomach in the male.®’^®’^®'^“ Ahlbom®^ found no significant 
difference in sex incidence of salivary gland tumors.. In our group II, 
which is the group most like the salivary gland tumors, the ratio was 
5 males to 3 females; but this group is too small for evaluation. 

In Table V is found the percentage of incidence of metastases in 
the entire series of cardio-esophageal carcinoma, as well as in each 
group. 

The percentage of metastases for carcinoma of the esophagus, which 
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is not broken down as to type, was quoted by Watson ° as 71.5 per cent, 
and by Adams as 65 per cent. For metastasis from gastric carcinoma, 
Stout found 89.5 per cent of 143 autopsied cases; Whipple and Rai- 
ford,^^ 55.7 per cent of 95 resected cases; Dochat and Gray,^° 59 per 
cent of 1,045 cases, most of which were autopsied. Our figures on 
223 cases of resected gastric carcinomas, excluding the present series, 
is 64.7 per cent. As a group the cardio-esophageal tumors metastasize 
to the same degree, 66 per cent, as the gastric carcinomas of other 
portions of the stomach. It is to be noted, however, that when the series 


Table V 

Frequency of Metastases as to Histologic Type of Carcinoma 


Type 

No. of 
cases ! 

Resected 

specimens 

Autopsies 

No. with 
metastases 

Percentage 

with 

metastases 

Operated 

Not operated' 

Epidermoid carcinoma 

2 

2 i 

0 

0 

2 

100 

Adeno-acanthoma (salivary 



j 




gland type) 

8 

4 

0 

4 

6 

75 

Papillary adenocarcinoma 







Subgroup A 

3 

2 

0 

I 

1 2 

66.6 

Subgroup B 

16 

IS 

3 

I 

, 9 

56.2 

Miscellaneous group 

36 

34 

8 

2 

24 

66.6 

Total 

65 

57 

II 

1 

8 

43 

66.1 


is broken down into the groups there are some differences which may 
be significant, even though some groups are very small. Both cases of 
epidermoid carcinoma showed metastases, 6 of the 8 cases in group II, 
or 75 per cent, and 9 of the 16 cases in group III, subgroup B, or 56 
per cent. As for metastases from salivary gland tumors, it is not easy 
to compare our findings with previous studies since the location again 
has something to do with the behavior of the tumor. Ahlbom stated 
that of the malignant salivary gland tumors, those occurring in regions 
other than the large salivary glands are more malignant. In general, 
the group as a whole shows a low percentage of metastases, 25 per cent. 
But it is to be noted that Ahlbom referred to those salivary gland 
tumors of undifferentiated type and those showing squamous cell 
differentiation as the more malignant and stated that these metastasize 
frequently. This difference in the malignancy of different types of 
salivary gland tumors was emphasized also by Quattlebaum, Dockerty, 
and Mayo.°^ Another point of interest is Ahlbom’s statement that 
the salivary gland tumors of papillary-cystic type are relatively benign, 
although some are more malignant than others and these are often more 
papillary than cystic. 
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There are only ii cases of the resected carcinoma of the cardio- 
esophageal junction for which we have the final findings. In Table VI 
the occurrence of metastases is given for these cases at autopsy, as 
well as for 8 other autopsied cases included in the series. 

The incidence of metastases in the 19 autopsied cases is 14, or 73.7 
per cent. Of the 6 autopsied cases on which gastric resection had been 
done, only one showed distant metastases on necropsy. This finding is 
important in the consideration of treatment of carcinoma in this area. 
All deaths on the resected cases were due to postoperative complica- 
tions, but all operations in these cases were performed before 1946. 

Comment 

Sixty-five cases of carcinoma of the cardio-esophageal junction have 
been described and analyzed with reference to tlieir possible histo- 
genesis. The information gained from the review and its correlation 


Table \T[ 

Occurrence of Metastases at Autopsy 


Type of 
tumor 

No. of 
cases 

Operated 1 

Without operation 

Metastases 

No metastases 

Metastases 

No metastases 

Epidermoid carcinoma 

MM 

0 

0 

0 

0 . 

Adeno-acanthoma (salivary 






gland type) 

w 

0 

0 

4 

0 

Papillary adenocarcinoma 

■I 





Subgroup A 


0 

0 

I 

0 

Subgroup B 


2 

I 

I 

0 

Miscellaneous group 


4 

4 

2 

0 

Total 

19 

6 

5 

8 

0 


with similar studies in the literature point to the origin of the adeno- 
acanthomas and the 2 cases of papillary adenocarcinoma, subgroup A, 
in the esophageal glands of the esophagus. These glands are to be 
classed as similar to the salivary glands of the mouth and nasopharyn- 
geal region. There is an additional group of tumors, one case of papil- 
lary adenocarcinoma, subgroup A, and all the cases of papillary 
adenocarcinoma, subgroup B, that may arise in the same type of gland, 
but the origin of some of these may be in the “cardiac glands” oi the 
esophagus or in the stomach mucosa. 

There appears to be some evidence that more well differentiated 
glandular tumors occur at the cardio-esophageal junction than in other 
parts of the stomach. It is suggested that this may be due to the pres- 
ence of gastric epithelium in this area that is of a more simple type. 
The tumors of papillary adenocarcinoma, subgroup B, show a tendency 
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to an expansive rather than an infiltrative type of growth with frequent 
cystic changes which may have some significance in the lower per- 
centage of metastases in these tumors than in any other group. 
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DESCRIPTION OF PLATES , 


Plate 159 

Fig. I. Area of keratinizing cell masses with pearl formation. Hematoxylin and 
eosin stain. X 250. 

Fig. 2. Cells in mosaic pattern with keratinization of a few cells. Hematoxylin and 
eosin stain. X 400. 

Fig. 3. Marked vacuolization of cells vith flattened pyknotic nuclei. Hematoxylin 
and eosin stain. X 400. - -v 

Fig. 4. Papillary adenocarcinoma. Hematoxylin and eosin stain. X 250. 
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Plate i6o 

Fig. 5- Admixture of undifferentiated cells and glandular cells with single cell 
keratinization. Papanicolaou stain. X 400. 
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Plate i6i 


Fig, 6. Anastomosing cords and masses of cuboidal cells containing lumina in a 
myxomatous stroma. Case i, group III, A. Hemato.wlin and eosin stain. 
X 125. 

Fig. 7. Anastomosing cords and nests of small cells. Case 2, group III, A. Hema- 
toxylin and eosin stain. X 250. 

Fig. 8. Cj^sts characteristic of group III, B. Hematoxylin and eosin stain. X 125. 
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Plate i6c 


Fig. 


Q. Expansile adenoma-like growth of carcinoma. Iron hematoxylin-van Gieson 
stain. X 35- 
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Plate 163 

Fig. 10. Duct-like structures in group III, B. Hemato.xylin and eosin stain. X 125. 

Fig. 1 1. Single layer of cylindric cells lining duct-like structure. Squame-like mate- 
rial in lumen. Regaud’s iron hematoxylin stain. X 400. 

Fig. 12. Pseudo-stratification and stratification of cylindric epithelium. Hematoxy- 
lin and eosin stain. X 400. 
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THE PANCREAS IN UREMIA: A HISTOPATHOLOGIC STUDY* 
Archie H. Baggenstoss, M.D. 

{From the Section on Pathologic Anatomy, Mayo Clinic, Rochester, Minn.) 

In the course of routine examination of histologic sections of the 
pancreas at necropsy a remarkable degree of dilatation of the acini, 
flattening of the lining epithelial cells, and inspissation of the secretion 
- was observed in a number of cases of uremia (Fig. i). Because of the 
similarity of the histologic appearance of the pancreas in these cases 
to that observed in so-called fibrocystic disease of the pancreas of 
children, it was thought that an investigation of the lesion might be 
worth while. It was hoped that such a study might give some clues as 
to the pathogenesis of the similar lesion in fibrocystic disease. With 
this in mind the following investigation was carried out. 

Material and Methods 

The histologic appearance of the pancreas was studied in 85 consecu- 
tive cases of chronic glomerulonephritis with uremia, in 85 consecutive 
cases of h3^ertension (nephrosclerosis) with uremia, and in 100 con- 
secutive cases in which uremia resulted from either hydronephrosis, 
pyelonephritis, or extrarenal factors. All cases in which the pancreas 
was the seat of an inflammatory or neoplastic process or in which there 
was evidence of obstruction of the large pancreatic ducts were excluded 
from this study. Sections of the pancreas were fixed in formalin, in 
Zenker’s fluid, and in cold acetone. The following stains were used: 
Hematoxylin and eosin, Congo red, Mallory-Heidenhain’s (azocar- 
mine), Mallory’s phosphotungstic acid hematoxylin, Weigert’s fibrin, 
mucicarmine, Feulgen’s^ stain for nuclear material, and Gomori’s 
reticulum stain. 

The control series consisted of 200 cases in a similar age group in 
which uremia was not a contributory cause of death. 

The lesions were classified as severe, moderate, or mild. If one-half 
or more of the acini in each lobule of the pancreas were dilated, the 
lesion was designated as severe; if many, but less than one-half, of the 
acini in each lobule were dilated, the lesion was considered as moderate; 
if only a few of the acini in each lobule were dilated, the lesion was 
classified as mild. 

Results 

The histologic appearance of the lesion was the same regardless of 
the cause of ie uremia. The lesion, when present, was found in all 
parts of the pancreas in approximately the same stage of development. 

* Presented at the Forty-Fourth Annual Meeting of The .American Association of 
Pathologists and Bacteriologists, Chicago, May 17, 1947. 

Received for publication, September 17, 1947. 
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Sometimes it was slightly more extensive in the tail, but more often it 
was slightly more pronounced in the head of the gland. 

Although the classification did not take into account the extent of 
the dilatation of the individual acini, it was found that in general the 
degree of dilatation varied directly with the number of acini involved. 
In other words, dilatation of the acini was generally greatest in those 
cases in which the numbers of acini involved were greatest. 

The dilated acini; were distributed diffusely throughout each lobule 
and were not concentrated in any particular portion. The severe form 
of the lesion is represented by Figures i, 2A and B, and 3A and B. 
The dilated acini contained an acidophilic stringy material which ap- 
peared to be inspissated secretion and occasionally was laminated. 
Desquamated cells and nuclei occasionally made up a portion of the 
material, and leukocytes were present rarely. The substance was stained 
pink by hematoxylin and eosin, blue by the Mallory-Heidenhain stain, 
tan by the Mallory phosphotungstic acid hematoxylin stain, and blue 
by the Weigert fibrin stain. Stains for mucin gave negative results. 

Associated with dilatation of the acini was a variable degree of 
flattening of the lining cells. Normally, these cells are pyramidal with 
the apex toward the lumen. In the dilated acini the cells were cuboidal 
and occasionally so markedly flattened that one could see only a thin 
rim of c3d;oplasm flattened against the basement membrane. The nuclei 
which normally are spherical were often oval or elongated with the 
long axis parallel to the basement membrane. The nuclei frequently 
were pyknotic. Less frequently, karyolysis and karyorrhexis were 
observed. In addition to the changes in the shape of the cells, there 
was also a loss of the normal staining reaction. This change could 
usually be observed best when there was only a mild degree of dilata- 
tion. With the hematoxylin and eosin stain the basal portion of the cell, 
which normally is purple, had an eosinophilic appearance. The zymogen 
granules in the supranuclear portion of the cell were absent (Fig. 2B). 
Instead of the two usually distinct zones, the entire cytoplasm had a 
homogeneous eosinophilic, almost hyaline appearance. From a study 
of those cases in which the pathologic process was mild and presumably 
in an early stage of development, it appeared that cytologic changes 
often, but not always, antedated acinar dilatation. 

In some cases in which the degree of dilatation of the acini of the 
pancreas was severe, there was complete disappearance of a ceU or two 
from the lining. Rarely an entire acinus was destroyed and replaced 
by fibroblasts and reticulum fibers. This was not a prominent feature 
in any of the cases, however. 

In addition to dilatation of the acini, the tiny ductules were fre- 
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quently dilated also. Medium-sized and large ducts were not involved 
m the process, however. Squamation (metaplasia) of the epithelium of 
the ducts was infrequently observed and, when present, it occurred as 
an isolated lesion. It was present in 9 cases in which dilatation of the 
acini was observed and in 4 cases in which there was no dilatation of 
the acini. In no instance had it led to anatomic obstruction of a duct. 

Although vascular lesions, particularly arteriosclerosis, and their 
sequelae, such as thrombosis, focal infarcts, or regions of atrophy, were 
frequently observed, they will not be considered in this study except 
to point out that such lesions were as frequently present in cases in 
which dilatation of the pancreatic acmi did not occur as in cases in 
which dilatation did occur. Mild to moderate interlobular fibrosis and 
fatty replacement of the pancreas were frequently observed in both 
groups of cases, particularly in those subjects more than 60 years 
of age. 

Chronic Glomerulonephritis with Uremia 


Table I 

Pmcreas in Uremia: 8s Cases of Chro7tic 
Glomerulonephritis with Uremia 


Examples of the pancreatic lesion in uremia resulting from chronic 
glomerulonephritis are shown in Figures lA and iB. The incidence and 
the degree of dilatation of the acini in this group of cases are shown 
in Table I. In the group of 33 cases m which the pancreatic lesion 

occurred, there were 20 males. The 
average (mean) age was 33 years, 
the mean value for blood urea was 
344 mg. per 100 cc., and pericardi- 
tis was present in 17 cases (52 per 
cent) . Nausea and vomiting were 
among the symptoms in 24 cases 
(73 per cent). 

In the group of 52 cases in which 
the pancreatic lesion did not occur, 
there were 31 males. The mean 
age was 34 years, the mean value for blood urea was 253 mg. per 100 cc., 
and pericarditis occurred in ii cases (21 per cent). Nausea and vomit- 
ing were among the S3anptoms in 24 cases (46 per cent). 


Dilatation of 
acini of 
pancreas 

Cases 

Per cent 

Absent 

52 

61 

Present 

35 

39 

Mild 

^9 

58 

Moderate 

9 

27 

Severe 

1 5 

IS 


Hypertension {Nephrosclerosis') with Uremia 

Examples of the pancreatic lesion in uremia resulting from nephro- 
sclerosis are shown in Figure 2. The incidence and the degree of dila- 
tation of the acini in this group of cases are shovm in Table II. Among 
the 36 cases in which the lesion occurred, tliere were 25 males. The 
mean age was 47 years, the mean value for blood urea was 267 mg. 
per 100 cc., and pericarditis was present in 15 cases (42 per cent). 
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Nausea and vomiting were listed, 
among the symptoms in 22 cases 
(61 per cent). 

Among the 49 cases in this 
group in which the lesion did not 
occur, there were 40 males. The 
mean age was 49 years, the mean 
value for blood urea was 220 mg. 
per 100 cc., and pericarditis was 
present in 12 cases (24 per cent). 
Nausea and vomiting were among the symptoms in 25 cases (51 per 
cent). 

Uremia Resulting from Miscellatieous Causes 

Examples of the pancreatic lesion in uremia resulting from hydro- 
nephrosis, pyelonephritis, and extrarenal factors are shown in Figures 
iC and D, and 3. The incidence and the degree of dilatation of the 
acini in this group of cases are shown in Table III. Among the 52 
cases in which the pancreatic lesion occurred, there were 14 cases of 
obstructive nephropathy (cases of 
tubular, pelvic, ureteral, vesical, 
prostatic, and urethral obstruc- 
tion), 18 cases of pyelonephritis, 
and 20 cases in which extrarenal 
factors were responsible for the 
uremia. Among these cases there 
were 39 males and 13 females. The 
mean age was 58 years, the mean 
value for blood urea was 224 mg. 
per 100 cc., and pericarditis was 
present in 5 cases (10 per cent), 
among the s3miptoms in 14 cases (27 per cent). 

Among the 48 cases in this group in which the pancreatic lesion did 
not occur, there were 15 cases of obstructive nephropathy, 15 cases of 
pyelonephritis, ii cases of uremia resulting from extrarenal factors, 

5 cases of toxic tubular degeneration, and 2 cases of infarcts of the 
kidneys. There were 32 males and 16 females. The mean age was 49 
years, the mean value for blood urea was 227 mg. per 100 cc., and 
pericarditis was present in 4 cases (8 per cent). Nausea and vomiting 
were listed among the symptoms in 12 cases (25 per cent). 

Control Series 

The incidence (20 per cent) and the degree of dilatation of the 
acini in the control series of 200 cases are shown in Table IV. It should 


Table Hr 

Pancreas in Uremia: loo Cases of Uremia 
Due to Miscellaneous Causes 


Dilatation of 
acini of 
pancreas 

Cases 

Per cent 

Absent 

48 

- 4^ 

Present 

52 

52 

Mild 

28 

' 54 

Moderate 

16 


Severe 

! 8 

1 ^ 

! 15 


Nausea and vomiting were listed 


Table II 

Pancreas in Uremia: S5 Cases of Hyper- 
tension (Nephrosclerosis) with Uremia 


Dilatation of 
acini of 
pancreas 

Cases 

Per cent 

Absent 

49 

58 

Present 

36 

42 

Mild 

22 

61 

Moderate 

12 

33 

Severe 

i 

2 

6 
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Table IV 

Pancreas in Uremia: 200 Controls 
Without Uremia 


Dilatation of 



acini of 



pancreas 

Cases 

Per cent 

Absent 

160 

80 

Present 

40 

20 

MUd 

33 

82 

Moderate 

7 

18 

Severe 

0 

0 


be emphasized that the incidence 
of the pancreatic lesion in uremia 
is significantly greater than in the 
controls. In none of the cases was 
a severe degree of dilatation of the 
acini revealed. The C5dologic alter- 
ations and the appearance of 
the inspissated secretion, however, 
were identical with those observed 
in the pancreas of uremia. The 

cases in the control series in which dilatation of the pancreatic acini 
occurred were analyzed as to the causes of death; the results are 
shown in Table V. It is probably significant that intestinal obstruc- 
tion was the most common cause of death in this group. Among 
the 40 cases in which the lesion occurred, nausea and vomiting were 
listed among the symptoms in 14 (35 per cent). Pericarditis was 
absent in all of these cases. Although uremia was not considered a 
contributory cause of death in any of these cases, azotemia of 

variable degree had been present 
in 10 of the 40 cases. 

Among the cases in which the 
lesion did not occur, pericarditis 
was present in 7 (4 per cent). 
Nausea and vomiting were listed 
among the symptoms in 22 cases 
(14 per cent). 

Comment 

Anatomic and histologic study 
of the pancreas gave no clue as to 
the pathogenesis of these lesions. Although obstruction of the ducts 
may give rise to the histologic picture described, it is obvious that the 
obstruction in these cases in which the lesion was generalized would of 
necessity be at the outlet of the main pancreatic duct. No such obstruc- 
tion was found and, furthermore, there was no evidence of dilatation 
of the large and medium-sized ducts. Metaplasia of the ductal epithe- 
lium could not be considered as a cause since it was infrequently found 
both in cases in which the lesion did and in which it did not occur. 
Furthermore, if metaplasia had produced obstruction, the dilatation of 
acini would have been localized to the distribution of the involved duct 
and not generalized. IITiether obstruction of acini and ductules by 
inspissated secretion plays a role in pathogenesis remains to be con- 
sidered. 


Table V 

Pancreas in Uremia: Cause of Death in 40 
Controls in Which Dilatation of the 
Acini of the Pancreas Occiirred 


Cause of death 

Cases 

Intestinal obstruction 

II 

Cancer 

7 

Infections 

7 

Congestive heart failure 

6 

Intracranial lesions 

6 

Chronic ulcerative colitis 

3 

Total 

40 
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Interest in the lesion under discussion was aroused because of the 
similarity of the histologic appearance to that observed in fibrocystic 
disease of the pancreas. However, the lesions are not identical. In 
the early stages of fibrocystic disease, dilatation of the acini may not 
be any greater than that observed in these cases of uremia.'^ However, 
in the former there is dilatation of tlie small ducts as well as of the 
acini, there is always more acinar destruction, and there is decidedly 
more interstitial proliferation of connective tissue.'^ It may be postu- 
lated that if the patients with uremia survived long enough, the histo- 
logic appearance of the pancreatic lesion would ultimately be identical 
with that of fibrocystic disease. Although this possibility must be con- 
sidered, it cannot be decided with the material available for study. 

Wallace and Ashworth ° observed what appears to be a similar lesion 
in 45.5 per cent of 200 unselected cases. The changes in the acini 
described by them occurred as either a focal or a diffuse process, 
whereas in this study the lesion, when present, was always diffuse. In 
their study, 56 per cent of patients 50 years of age or over had dilata- 
tion of acini, while 38.3 per cent of those below 50 years presented 
this change. Andrew’’ described locule formation in senile rats and 
human beings. In photomicrographs, the lesions he described in man 
do not resemble the acinar dilatation with which this study is con- 
cerned. The lesions he described are usually interpreted as foci of 
atrophy and fat replacement. 

It is apparent from the data of the present study that neither age, sex, 
nor the degree of azotemia played a significant role in the pathogenesis 
of the lesion. From the limited number of cases in which accurate 
information was available, it appeared that the duration of the uremic 
state was of no importance in the production of Ihe lesion. 

The higher incidence of pericarditis in the cases of glomerulone- 
phritis and nephrosclerosis in which the pancreatic lesion occurred is 
interesting, but it is difficult to interpret because the factors respon- 
sible for uremic pericarditis are not known. It is to be noted also that 
in the group of cases in which uremia was the result of miscellaneous 
causes, no such variation in the incidence of pericarditis was found. 

It is clear from an examination of the control series that the pancre- 
atic lesion occurs in a variety of conditions other than uremia. The 
high incidence of intestinal obstruction in the control series suggested 
that dehydration might be a factor. Dehydration is frequently a com- 
plication of renal insufficiency of any type. If dehydration could result 
in inspissation of pancreatic secretion, it might result in a generalized 
obstruction of the acini and ductules. In this connection it may be 
significant that the incidence of vomiting was greater in the cases of 
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glomerulonephritis and nephrosclerosis in which the pancreatic lesion 
occurred than in those in which the lesion did not occur. Vomiting 
would be expected to augment the dehydration in these cases. How- 
ever, in the group of cases in which uremia resulted from miscellane- 
ous causes there was no significantly greater incidence of vomiting in 
the cases in which the pancreatic lesion occurred. 

In addition to dehydration, other factors which alter the physical 
and chemical characteristics of pancreatic secretion must be considered. 
It is a generally accepted fact that nervous (parasympathetic) stimu- 
lation of the pancreatic secretion results in the production of a viscid 
juice rich in enzymes and proteins. After such stimulation the acinar 
cells shrink and the zymogen granules disappear. Hormonal (secretin) 
stimulation, on the other hand, produces a more watery juice, poor in 
enzymes and proteins, without marked histologic changes in the acinar 
cells. According to Farber,® the lesion observed in fibrocystic disease 
of the pancreas can be reproduced in kittens in all important respects 
by the injection of parasympatheticomimetic drugs. For this reason, 
the question arises as to whether the state of uremia is accompanied 
by excessive parasympathetic stimulation. No satisfactory answer to 
this question has as yet been obtained. The fact that bradycardia is 
not a feature of the uremic state suggests that vagus stimulation is not 
significant. 

Another question also arises: Is there an inhibition of hormonal 
(secretin) stimulation of the pancreas in uremia and intestinal obstruc- 
tion? Normally, the secretin effect may be elicited by the presence of 
acids, meat extracts, protein derivatives, fats, fatty acids, soaps, and 
water in the intestine. If these substances were excluded from the 
intestinal tract, it is conceivable that the normal release of secretin 
might not occur and hormonal stimulation of the pancreas might be 
inhibited. Severe repeated vomiting might bring about such conditions. 
Repeated vomiting is a feature of both uremia and intestinal obstruc- 
tion. 

If the hormonal (secretin) stimulation of the pancreas were inhib- 
ited, the only stimuli to secretion would be nervous (parasympathetic). 
Such ah unbalanced stimulation of the pancreas would result in a viscid 
juice which, if accompanied by a relative state of dehydration, might 
become inspissated and obstruct the ductules and acini. Stimulation 
by secretin has been described as causing a flow of alkaline fluid vdiich 
serves to flush the alveoli, to thin the juice rich in organic material, 
and to sweep it along the ducts (Best and Taylor °). Because of these 
considerations, it is suggested that the pancreatic lesion described in 
this stud}’- is the result of an interference with the release and normal 
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action of secretin brought about by excessive vomiting. If this concept 
of the pathogenesis of the pancreatic lesion is correct, then one would 
expect to find it frequently in cases of obstruction of the stomach and 
small intestine. Such cases are now being investigated. 

Does this concept of the pathogenesis of the pancreatic lesion give 
any clues as to the factors responsible for fibrocystic disease of the 
pancreas? There is no evidence that excessive parasympathetic stimu- 
lation occurs in this disease. Excessive and repeated vomiting likewise 
is not a feature of this condition. One can, however, postulate that 
there is a congenital absence of secretin in the intestinal tract or that 
there is some defect in the mechanism of its release. In support of 
this viewpoint is the fact that the pancreatic juice is very thick and 
inspissated and that inspissation of bile and of the secretion of the 
intestinal glands also occurs (Farber ^). There is some evidence that, 
normally, secretin stimulates the secretion of bile and probably the 
succus entericus (Best and Taylor,'’ Agren It has even been called 
an intestinal diuretic (Agren). If stimulation by secretin were absent, 
the obstruction of the small bile ducts and intestinal glands in tliese 
cases also might be explained as the result of the production of an 
abnormally thick inspissated secretion. 

It is obvious that more information on secretin is needed. This is 
particularly true in regard to its presence, mode of formation, and the 
mechanism of its release in the human being. When this information 
is available, it may be possible to obtain a better understanding , of 
the pathogenesis of the pancreatic lesion in uremia and of fibrocystic 
disease of the pancreas. 

Summary aw'd Conclusions 

Histologic examination of the pancreas at necropsy in subjects in 
which death had resulted from uremia frequently revealed a remark- 
able degree of dilatation of the acini, flattening of the lining epithelial 
cells, and inspissation of secretion. The lesion was found in 33 (39 per 
cent) of 85 cases of uremia resulting from chronic glomerulonephritis, 
in 36 (42 per cent) of 85 cases of uremia resulting from hypertension 
(nephrosclerosis), and in 52 (52 per cent) of 100 cases of uremia 
resulting from miscellaneous causes. Neither age, sex, nor degree or 
duration of azotemia appeared to play a significant role in the produc- 
tion of the lesion. In the control series of 200 cases in which uremia 
did not occur, the lesion was present in mild or moderate degree in 
40 cases (20 per cent). The most common cause of death in the con- 
trol series was intestinal obstruction. It is suggested that dehydration 
plus an interference with the release and normal action of secretm 
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brought about by excessive vomiting are responsible for the lesion. It 
is also suggested that either a congenital lack of secretin or some defect 
in the mechanism of its release may be responsible for fibrocystic dis- 
ease of the pancreas. 
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DESCRIPTION OF PLATES 


Plate 164 

I. Pancreas in uremia. A. In a case of glomerulonephritis; approximately one- 
half of the acini are dilated. Hematoxylin and eosin stain. X 115. B. Same 
as A, Hematoxylin and eosin stain, X 275. C. Pancreas in a case of pyelo- 
nephritis •with uremia, sho'wing dilatation of acini, atrophy of lining epithelium, 
and inspissated secretion. Hematoxylin and eosin stain. X 115. D. Same as 
C. Hematoxylin and eosin stain. X 265. , 
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Plate 165 

Fig. 2. Pancreas in uremia associated with hypertension (nephrosclerosis). A. Se- 
vere form of the lesion. Hematoxylin and eosin stain. X 115. B. Absence of 
zymogen granules in epithelial cells of dilated acini. Mallorj^’s aniline blue stain. 
X 525. C. A moderate number of acini are dilated. Hematoxylin and eosin 
stain. X 115. 
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Plate 165 




Baggcnstoss 


The Pancreas in Uremia 


Plate i66 

Fig,. 3. Pancreas in uremia from miscellaneous causes. A. Pyelonephritis with 
uremia; a severe lesion. Hemato.vylin and eosin stain. X 145. B. Hydro- 
nephrosis with uremia; a severe form of the lesion. Hematoxylin and eosin 
stain. X 265. C. Extrarenal uremia; a moderate number of acini are dilated. 
Hematoxylin and eosin stain. X 115. 
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Plate i66 









SKELETAL EFFECTS OF ESTROGENIC HORMONE IN GROWING 
VITAMIN C-DEPLETED GUINEA-PIGS* 

Martd? Silberberg, M.D., and Ruth Shberberg, M.D. 

{From the Snodgras Laboratory oj Patholop, City Hospital, and the Barnard Free 
Skin and Cancer Hospital, St. Lotas, Mo.) 

The action of estrogenic hormones on the mesenchymal tissues is 
not yet fully understood. The response varies with species, strain, and 
sex, and with the dose administered.^’ ^ In the growing animal, the main 
changes consist of hyalinization of connective tissue, vascular walls, 
and of cartilage associated with increased ossification. This reaction is 
marked in certain strains of mice and in some birds; it is less pro- 
nounced in the growing rat and guinea-pig.^'^ Inasmuch as some skele- 
tal effects of estrogenic hormone were attributed partly to changes in 
the connective tissue, it was thought of interest to alter the state of 
the interstitial substance by depleting animals of vitamin C, and then 
study the effect of an estrogen. It was hoped, thus, to gain further 
insight into the mechanism by which the female sex hormone affects 
the skeleton. 

Material and Methods 

Twenty-six guinea-pigs weighing i8o to 200 gm. were divided into 
four groups. First Series: Eight animals (normal controls) received 
a standard diet of purina rabbit chow meal ad libitum. This diet is 
a mixture of checkers with grain, molasses, and chopped alfalfa, and 
contains the following; 


Protein 

15.32 per cent 

Fat 

3-27 “ 

« 

Fiber | 

Carbohy- j 14.88 “ 

(C 

N free extract j 

drates \ 53 -14 “ 

a 

Ash, 

5.89 “ 

(t 

Ca 

0.84 “ 

(( 

P 

0.32 “ 

(t 

Carotene 

ii.o parts per million 

. Thiamine 

5-09 


Riboflavin 

3-74 “ 


Niacin 

29.7 

(C (( 


Vitamin C was supplied in the form of fresh lettuce, fed daily. Two 
animals were sacrificed after 2, 3, 4, and 5 weeks. Second Scries: 
Four animals were given lettuce and the standard diet, and were 
injected subcutaneously with 0.17 mg. of alpha-estradiol benzoate in 
sesame oil three times weekly .t One animal each was killed after 2, 3, 

* Aided by a grant from the Committee on Sdentific Research of The American 
Medical Association. 

Received for publication, August 23 ? t947- 
t Wc are indebted to Dr. Eru'in Schwenk of the Schering Corporation for a generous 
supply of progj’non-B. 
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4, and s weeks. Third Series: Six guinea-pigs were fed purina rabbit 
chow meal without additional lettuce. Two were sacrificed after 2 
and 3 weeks; of the remainder, one died during the fourth week; the 
last had to be killed at the end of the fourth week. Fourth Series: 
Eight guinea-pigs were kept on the vitamin C-free diet and were in- 
jected three times weekly with 0.17 mg. of alpha-estradiol benzoate. 
Two animals were killed after 2, 3 and 4 weeks. Towards the end of the 
fifth week, the 2 remaining animals appeared very ill and were then 
sacrificed. , . 

At necropsy, the tibiae, femora, several lower ribs, vertebrae, and 
the whole heads were removed. The tibiae were measured with 


Table I 

Afcan Initial and Final Weights 


1 

Experiment 

Initial 

2 weeks 

3 weeks 

4 weeks 

S weeks 

Normal 

sm. 

sm. 

Sni. 

gm. 


189 

201 

306 

317 

398 

Estrogen 

182 

25s 

i 3 SI 

362 

371 

Avitaminosis C 

1.88 

193 

1 191 

127 


Avitaminosis C and estrogen 

1 

183 

196 

283 

208 

212 


calipers. The bones were fixed in 10 per cent formalin, and all except 
the heads decalcified in 5 per cent nitric acid; sections were prepared 
and stained with hematojg^lin and eosin. 


Gross Observations 

The mean initial and final weights are presented in Table I. The 
normal and estrogen-treated guinea-pigs gained weight steadily during 
the period of observation. The vitamin C-depleted animals failed to 
gain weight and showed a sudden loss of weight during the fourth 
week. The vitamin C-depleted animals treated with estrogen gained 
. weight during the first' 3 weeks, although less than those receiving 
alpha-estradiol benzoate and fed the complete diet. During the fourth 
week, however, they likewise lost considerable weight, although their 
weight was still much greater than that of the vitamin C-depleted 
animals not receiving the, estrogen. 

In animals fed the vitamin C-free diet, periosteal hemorrhages in the 
long bones and joints, and especially in the lower ribs, appeared after 
2 weeks and they became more extensive -with increasing duration of 
the experiment. After 3 weeks, large bead-like swellings at tke chondro- 
osseous junctions of the ribs were noted. The bones were thin and 
fragile, whereas those of the animals receiving estradiol benzoate were 
thicker and harder than the normal bones. In the guinea-pigs fed the 
vitamin C-free diet and treated with the estrogen, rosaries were absent 
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except for some slight swelhng of two ribs in one of 8 animals. Hemor- 
rhages in the periosteal tissues and joints were not seen before the end 
of the fourth week, and then they were less extensive than in the 
noninjected vitamin C-depleted animals. 

As seen from Table II, the lengths of the tibiae of the normal ani- 
mals increased steadily in the course of 5 weeks. The tibiae of the 
guinea-pigs receiving estrogen grew more slowly during the first 4 
weeks, but developed a growth spurt during the fifth week. In animals 
kept on the vitamin C-free diet, an insignificant increase in the length 


Table II 

Mean Lengths of the Tibiae 


Experiment " 

Initial 

2 weeks | 

3 weeks 

4 weeks 

5 weeks 


cm. 

cm. ' 

1 

cm. 

1 

cm. 

cm. 

Normal i 

3-28* 

3-45 

3-48 

3-87 

3*93 

Estrogen 


3*29 

3-45 

3^49 

3*79 

Avitaminosis C 


3-37 

3.61 

3'32 

1 

Avitaminosis C and estrogen 


3-29 

3-46 

3-47 

‘ 3-45 


* These values represent means of 4 normal animals weighing 180 gm., and used in 
former experiments. 


of the tibiae was observed during the first 3 weeks; after 4 weeks, the 
tibiae were shorter than at any earlier period which might be incidental 
but which might be due also to a collapse of the metaphysis. In vitamin 
C-depleted guinea-pigs receiving estrogen, the lengths of the tibiae 
during the first 3 weeks closely paralleled those seen in normally fed 
animals injected with the hormone. However, a measurable growth 
spurt occurring in the latter during the fifth week did not take place 
in the vitamin C-depleted guinea-pigs treated with estrogenic hormone. 

Histologic Examination 
First Series: Untreated Control Animals 

Epiphyses. After 2 or 3 weeks of observation, the epiphyseal plates 
at the upper end of the tibia were about 350 /x wide and showed a 
regular configuration (Fig. i). The cartilage cell rows were separated 
from each other by thin layers of chondromucoid ground substance. A 
single column was composed of 10 to 12 proliferating and 4 I^per- 
trophic cartilage cells. After 5 weeks, the growth zone measured 330 /l 
in height. Moderate amounts of matrix surrounded the individual cell 
rows which contained 9 columnar and 3 or 4 hjT>ertrophic cells. The 
three layers of the articular cartilage were distinct, and the ossification 
of the hypertrophic zone was progressing. The chondro-osseous junc- 
tion of the ribs and the epiphyseal plates of the femur and vertebrae 
showed the usual architecture. 
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Diaphyses. Numerous capillaries eroded the hypertrophic cartilage 
cells in the metaphysis of long bones, ribs, and vertebrae. In a stand- 
ard area 1.5 mm. in diameter, 12 to 14 spicules were counted, and 
after 5 weeks their number had increased to 16 to 18. The trabeculae 
were slender at the earlier age, but increased in thickness during the 5 
weeks of observation. They were covered by a continuous layer of 
large osteoblasts (Fig. 5). The bone marrow was vascular and cellular. 
The shaft was composed of medium-sized osteocytes and abundant 
bony matrix (Fig. 9); The vascular canals were narrow, and the en- 
closed blood vessels were surrounded by a thin layer of loose connective 
tissue. The endosteal osteoblasts were numerous and large. The peri- 
osteum was thick. Osteoblasts and osteoclasts were present; the latter 
were situated in grooves of the compacta. 

Secojid Series: Animals Treated loith Alpha-Estradiol Benzoate 

Epiphyses. After 2 weeks of injections, the growth zones were nar- 
rowed to 260 fx. The cartilage cells were smaller and less numerous 
than in the normal controls, and the matrix was intensely hyalinized 
and calcified. In the animals receiving 4.99 mg. of the hormone over a 
period of 3 weeks, a further decrease in the width of the growth zones 
to lyo fx had occurred (Fig. 2). An individual cell row was composed 
of 5 or 6 columnar and 3 to 5 small cells of hypertrophic t57pe. The 
cartilaginous ground substance was heavily calcified, and here and 
there whole cartilage cell columns had been replaced by thick plugs 
of sclerosed groimd substance (Fig. 6). The articular cartilage cells 
were smaller than is normal. At the chondro-osseous junction of the 
ribs and in the feiiiur and vertebrae the growth processes had likewise 
markedly declined, and regressive changes were accentuated. After 5 
weeks, the epiphyseal plate became wider again, the cartilage cells were 
enlarged, and calcification was less marked. 

Diaphyses. After 2 weeks, the metaphyseal capillaries were incon- 
spicuous, poorly fiUed and accompanied by fibrous tissue. The trabecu- 
lae, particularly in their proximal parts, were thicker than ordinarily. 
This was due chiefly to the presence in their centers of large, imopened 
cartilage cells still surrounded by some cartilaginous matrix. Along 
these spicules, a fair number of osteoblasts was noted. The amount of 
bone present was increased about 25 per cent over normal. The 
endosteal osteoblasts were delimited from the bone marrow by a layer 
of fibrillar tissue. The shaft was thick. The haversian canals were 
narrow and contained poorly filled vessels surrounded by increased 
amoimts of connective tissue. The periosteum was likewise thick and 
contained much collagen. Near the metaphysis, some osteoclasts were 
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found, but farther down along the shaft they were scanty or absent. 
After 3 weeks of injections (Fig. 6), the metaphyseal spicules still 
contained preserved cartilage cells; they were thick and showed some 
transverse linking. The peritrabecular connective tissue had increased 
in amount and the osteoblasts were smaller than is usual. In the distal 
metaphysis the trabeculae were considerably coarser than in the normal 
control animal. Conditions in the shaft (Fig. 10) were similar: The 
vascularization was further decreased, and the bone was solid. Peri- 
osteal ossification was advanced, osteoclasts were rare; the shaft had 
a smooth surface. The periosteum was closely attached to the compact 
bone, it was dense and contained much collagen; between the fibers, 
few fibrocytes were seen. After 4 or 5 weeks, the vascularization of 
the shaft and metaphysis had increased. Numerous large osteoblasts 
reappeared; the connective tissue was looser than at the earlier experi- 
mental stages. Owing to increased resorption of bone, a fibro-osseous 
network was formed. The vessels perforating the shaft were engorged, 
the periosteum was looser and contained again more osteoclasts than 
earlier. 

Third Series: Vitamin C-Depleted Animals 

Epiphyses. In guinea-pigs kept on the vitamin C-deficient diet for 
2 weeks, the growth zones showed the usual width and structure. The 
proliferation of the columnar cartilage cells and their conversion into 
h5rpertrophic cells were not appreciably affected. There may have been 
a slight decrease in these processes. The cartilaginous ground sub- 
stance, however, was loose and swollen. After 3 weeks and later, the 
epiphyseal plate at the upper end of the tibia measured about 325 /x 
in height and showed an irregular pattern (Fig. 3) owing to the marked 
swelling of the matrix. The number of cells in an individual column was 
not changed materially; however, the columnar cartilage cells failed to 
undergo hypertrophy. Instead of the usual calcium deposits, there 
appeared in the most distal layer of the cartilage patches of deeply 
eosinophilic material bearing a certain resemblance to the fibrinoid 
substance found in the metaphysis. Here and there, capillaries of the 
bone marrow began to invade the softened epiphyseal cartilage, but 
many cell capsules were left unopened. The cartilage cells of the joints 
were decreased in number and size, and tliere was likewise pronounced 
swelling of the intercellular matrix. Calcification and ossification of 
the cartilage were strikingly decreased. The findings at the growth 
zones of the other bones were similar to those in the tibia. At the 
chondro-osseous junction of the ribs, a mass of h3T)ertrophic, swollen, 
vacuolated and poorly calcified cartilage was found. 

Diaphyscs. After 2 weeks, the metaphj^seal capillaries were thin- 
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walled and dilated; the trabeculae, although present in their usual 
numbers, were long but thinner than ordinarily; the lines of calcium in 
the centers of the spicules were distinct. Large succulent osteoblasts 
were in mitosis; they formed several layers and large clusters in the 
zone underneath the cartilage and between the trabeculae. Some of 
the latter had broken down, and were converted into structureless eosino- 
philic material; particularly near the shaft, hemorrhages were noticeable. 
In the distal metaphysis, the bone marrow was converted into a loose 
fibrous tissue. The shaft contained large osteocytes with little cementing 
substance. The vascular canals were enlarged and filled with edematous 
connective tissue poor in cells, and some rudimentary osteoblasts. The 
periosteum was vascular and detached from the cortex of the bone, and 
hemorrhages were seen. The longer the vitamin C-depletion lasted, 
the more advanced were these lesions. After 3 weeks and later (Fig. 
7), only a few small osteoblasts were present in the metaphysis and at 
the shaft. Few trabeculae were preserved here and they consisted of 
hardly more than a short calcified spur of cartilaginous matrix with 
a narrow rim of bony substance. They were surrounded by a few fibro- 
cytes, elements of an edematous connective tissue which had replaced 
the normal constituents of the metaphysis. There were widespread 
hemorrhages into this fibrous tissue, Fra^ents of poorly ossified or 
noncalcified spicules and fibrinoid eosinophilic material were abundant. 
The severity of these lesions varied in different bones and decreased 
in the following order : Proximal part of the tibia, lower ribs, distal end 
of femur, proximal end of femur and vertebrae. The latter were in- 
volved in only one case. The shaft (Fig. n) was further thinned out, 
and the enlarged haversian spaces contained edematous fibrillar tissue 
with engorged blood vessels. The endosteum was represented by a thin 
layer of fibrocytes; the periosteum was swollen in its outer layers and 
showed foci of hemorrhages. 

Fourth Series: Vitamin C-Depleted Animals Treated with 
Alpha-Estradiol Benzoate 

Epiphyses. Two weeks after the beginning of the experiment, the 
epiphyseal plates were narrow (190 71), but regularly arranged. Hya- 
linization and calcification were increased over the normal, and the 
number of cells in a single row had dropped to 5 or 6 columnar and 3 or 
4 hypertrophic cells, both cell types being greatly reduced in size. 
After 3 weeks, the height of the growth zones and the appearances of 
the cartilage were about the same as at the earlier stages (Fig. 4); 
the cartilaginous matrix was abundant and denser than ordinarily, but 
it was less calcified and looser than in the guinea-pigs receiving the 
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hormone and kept on the complete diet. During the fifth week, owing 
to a sudden pronounced swelling of the interstitial substance, the epi- 
physeal disks became wider. In the most distal layer of the cartilage, 
some eosinophilic hyaline material was present. Conditions thus were 
comparable to those seen in vitamin C-depleted noninjected animals 
after 2 or 3 weeks. Ossification of the articular cartilage was likewise 
diminished. There were, here and there, minute hemorrhages in the 
periarticular tissue. In 7 of 8 cases, the chondro-osseous junction was 
regular except for decreased bone formation. In the one animal show- 
ing grossly a slight rosary, conditions resembled those seen at the 
growth zone of the tibia, although they were less pronounced. No sig- 
nificant changes were noted in the vertebrae. 

Diaphyses, After 2 weeks, the vascularization of the metaphysis 
w;as decreased but less so than in the estrogen-treated animal kept on 
the complete diet. The vessels were supported by a dense fibrillar 
stroma. The trabeculae were about as numerous as in normal controls. 
Many small osteoblasts had accumulated in close approximation to 
the hypertrophic cartilage cells and along the spicules, and moderate 
amounts of organic matrix had been deposited. Farther distally, the 
trabeculae were composed of solid matrix and a core of calcium salts. 
They were shorter, thinner, and less compact than in the animals 
receiving estrogen with the complete diet. On the other hand, they 
contained more osseous matrix than the noninjected vitamin C-depleted 
controls. The spicules were covered with medium-sized osteoblasts 
which were, in turn, surrounded by a loose connective tissue. There 
were no deposits of fibrinoid material nor hemorrhages as commonly 
found at this stage in noninjected vitamin C-deficient animals. The 
shaft was of the usual thickness. The endosteal osteoblasts were sepa- 
rated from the bone marrow by a layer of fibrocytes. The haversian 
canals contained engorged capillaries accompanied by dense stroma 
with some osteoblasts. The periosteum was dense and contained many 
fibrocytes, medium-sized osteoblasts, and a few osteoclasts. At the 
chondro-osseous junction of the ribs and in the vertebrae, the spicules 
were long, but thinner than in the estrogen-treated animals kept on 
the complete diet. After 3 weeks (Fig. 8), the metaphyseal capillaries 
were dilated and much loose supporting stroma was present. The 
trabeculae were longer than after 2 weeks, showed some interlacing, 
and were covered by spindle-shaped osteoblasts. They were thinner 
than in the estrogen-injected animals fed the complete diet, but they 
were more numerous and thicker than the trabeculae in the vitamin C- 
depleted animals receiving no hormone. The shaft was fairly thick 
(Fig. 12). The amount of bone present surpassed that seen in the 
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vitamin C-defident, noninjected guinea-pigs. The endosteum was com- 
posed of fibrocytes and small osteoblasts. The haversian canals were 
wider than ordinarily but less numerous, and they were narrower than 
in the noninjected vitamin C-deficient animals. The periosteum was 
fibrillar; near the compacta, osteoblasts and osteoclasts could be identi- 
fied. Again in ribs and vertebrae, the changes were less accentuated 
than in the tibia; there was in particular no fibrosis, hemorrhages, nor 
deposition of fibrinoid substance in the former. After 4 weeks, some 
of the thinner spicules in the metaphysis began to break doBm, and 
fragments of bone came to lie in an oblique or transverse direction. 
Some long spurs of calcified cartilaginous matrix with only a very thin 
covering of bony substance were seen. In the peripheral areas of the 
metaphysis, fibrous tissue had replaced the bone and some of the bone 
marrow. The cortex of the shaft was thinner than at earlier periods. 
The connective tissue in the enlarged haversian spaces and in the peri- 
osteum was edematous. Changes in ribs, femora, and vertebrae were 
either slight or absent. During the fifth week, the destruction of the 
metaphysis made rapid progress, and the findings resembled those 
seen in noninjected animals kept on the C-deficient diet for 3 weeks. 
The effects of estrogen, however, could still be recognized by the large 
number and the plumpness of the bony fragments present in the fibrous 
tissue. Frequently, the fibrinoid material showed the shape and the 
perpendicular arrangement of spicules and some giant cells were found 
in the vicinity- of these structures. Also the shaft was more solid. The 
metaphysis of the other bones was likewise better preserved than in 
any of the vitamin C-depleted animals receiving no hormone. 

Discussion 

"^In Table III, the histologic findings in the various experimental and 
control groups are summarized. As seen from this table, alpha- 
estradiol benzoate decreased the growth of the epiphyseal cartilage, the 
vascularization of the metaphysis and shaft, and the resorption of bone, 
but it intensified hyalinization of cartilage and connective tissue in the 
long and spongy bones. As observed previously, a reversal of the 
estrogen effect occurred during the fifth week; it manifested itself in 
a resumption of growth and resorptive processes. This reversal was, 
considered as due to an adaptation of the organism to the hormone. 

Vitamin C-depletion altered the proliferation of the cartilage only to 
a slight degree or not at all, but it caused swelling of cartilage cells 
and matrix, and increased the resorptive processes besides producing the 
lesions typical of scurvy.®’^® 

These changes appeared after 2 or 3 weeks of feeding the deficient 
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diet and were most advanced in the tibia and lower ribs. The hip bone 
and the vertebrae, which are less subject to mechanical stress than the 
former, were less or not at all affected. These findings corroborated 
the previously established importance of mechanical factors in the 
production of scorbutic lesions.®*^® 

The effects of alpha-estradiol benzoate in vitamin C-depleted guinea- 
pigs depended upon the duration of the experiment. During the first 
3 weeks, the effects of estrogen predominated, as was indicated by de- 
creased growth processes in the cartilage and by decreased resorption 
of bone. At the same time, the vitamin deficiency manifested itself by 
a diminution in the hyalinization of the cartilage, some loosening of 
the connective tissue, and diminished amounts of bone, as compared 
with conditions in animals receiving the hormone but kept on the com- 
plete diet. After 4 weeks, and coinciding with the resumption of growth 
and resorptive processes seen in normally fed estrogen-treated guinea- 
pigs, vitamin C-depletion gained the upper hand, and during the fifth 
week, the scorbutic lesions progressed rapidly and with great intensity. 
However, the severe changes of scurvy were limited to the metaphyses 
of the long bones. The ribs showed only minor lesions, and the verte- 
brae were hardly involved at all. 

The present findings may be considered from two aspects: (i) The 
development of scurvy as altered by the administration of alpha- 
estradiol benzoate, and (2) the modification of the estrogen effect by 
the absence of vitamin C. 

Under the influence of the estrogen, growing guinea-pigs fed a vita- 
min C-free diet survived longer, and the skeletal lesions of scurvy 
appeared about 2 weeks later than in animals not receiving this hor- 
mone; but once lesions had set in, they developed in a precipitous man- 
ner. Such an effect might be obtained if the estrogenic hormone exerted 
a sparing effect on the vitamin C stores of the growing guinea-pig. But 
there is no real proof that estrogen acts in this way. 

A more probable reason for the delay of the scorbutic sequence may 
be the inhibition of the growth of the cartilage caused by the estrogen. 
During the growth period, the metaphysis is constantly being re- 
modeled by deposition of new bone and subsequent resorption of the 
primary spongiosa. In the absence of vitamin C, the formation of bone 
ceases, and the metaphysis, unable to bear the mechanical stress ex- 
erted upon it, breaks down. In the vitamin C-depleted growing guinea- 
pigs treated with estrogen, growth of cartilage is temporarily arrested 
and conditions are thus comparable to those in adult scorbutic animals. 
After cessation of growth, the rapid turnover’ of metaphyseal tissue has 
ceased, and the epiphysis is more securely anchored on the metaphysis 
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than in the growing animal. Under these circumstances, the typical 
sequence of scorbutic changes does not develop in the metaphysis.” 
However, after several weeks of administration of estrogenic hormone 
in the young guinea-pig, growth is resumed, and then the scorbutic 
skeletal lesions appear. 

The inhibition of the resorption of bone produced by the estrogen 
may constitute another factor in the modified course of scurvy. In 
the absence of vitamin C, no new bone is formed and thus the equi- 
librium between deposition and resorption of osseous tissue is dis- 
turbed in favor of the latter. Obviously, the resulting atrophy of 
bone would be expected to be counteracted by the retardation of re- 
sorptive processes caused by the estrogen. Again, the restoration of 
resorption after the adaptation of the organism to tlie hormone will 
bring about a rapid appearance of the skeletal lesions of scurvy. 

As to a modification of the skeletal effect of estrogen by vitamin C 
deficiency, inhibition of growth of cartilage — an estrogen effect — is not 
affected by the lack of vitamin C. On the other hand, hyalinization and 
calcification of the cartilage — another estrogen effect — are strikingly 
counteracted by the marked swelling of the cartilage caused by the 
vitamin C deficiency. The mode in which estrogenic hormone leads 
to bone formation is stiU under discussion. The increase of bone or 
bone-like tissue seen under the influence of the estrogen is not accom- 
panied nor preceded by a proportionate increase in the number of 
osteoblasts. Instead of an active osteoblastic layer, a fibrous tissue is 
frequently found in the immediate vicinity of the excess bone. It seems 
difficult to understand how the spindle-shaped, apparently inert cells of 
this fibrous tissue could act as osteoblasts. Therefore, a decrease in the 
resorption of bone was thought to be at least partly responsible for 
the presence of increased amounts of bone seen under the influence of 
the estrogen; furthermore, the decreased vascularization of the 
metaphysis and the deposition of inert hyaline material around the 
Vessels were considered conducive to bone formation.®^ More recently, 
in x-ray diffraction studies in estrogen-treated mice, the material de- 
posited adjacent to the pre-existent bone was shown not to be true bone 
salt — apatite, but more likely calcium carbonate.^^ This finding may 
be linked up with the replacement of osteoblasts by fibrous tissue as 
seen after administration of estrogenic hormone. Connective tissue 
cells may fail to differentiate into mature osteoblasts and ma}'’ thus be 
unable to form true bone, but they may yet to some degree be capable 
of promoting the precipitation of less complex calcium salts from the 
serum. This phenomenon might be interpreted as bone formation of 
a more primitive t3T3e.“ The results of the present investigation sug- 
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gest that besides connective tissue cells and calcium salts, a third ele- 
ment, namely, an intact interstitial matrix, is a prerequisite for the 
production of this “primitive bone.” After administration of alpha- 
estradiol benzoate, less bone-like tissue was found in vitamin C- 
deficient animals than in those fed the complete diet. In view of the 
established effects of vitamin C on the intercellular matrix, it may be 
assumed tliat the inadequacy of the latter accounts for the failure of 
the estrogen to exert its usual effects on bone. 

The effects of the estrogen on the vessel walls are likewise counter- 
acted by ascorbic acid deficiency. Actual hyalinization of the capillary 
walls or deposition of hyaline material in the perivascular connective 
tissue as seen in mice and birds is difficult to demonstrate in the guinea- 
pig. However, in the latter species, the vessel walls are thickened after 
treatment with alpha-estradiol benzoate. Both the metaphyseal and 
periosteal blood channels are affected in this manner. The increased 
thickness of the vessel walls and the associated loss of elasticity are at 
least partly responsible for a decrease in the resorptive processes. In 
vitamin C-depleted guinea-pigs injected with estrogen, these vascular 
changes were not observed, and for this reason resorptive processes 
could take place in a more normal fashion. The inability of the organ- 
ism to form cementing substances in the vessel wall in avitaminosis 
C may account for the absence of this estradiol effect. Again, as in the 
case of the cartilaginous ground substance, this interference is prob- 
ably a true antagonistic effect of two factors acting on the same con- 
stituent of the intercellular matrix. 

Summary 

In growing guinea-pigs, the absence of vitamin C modifies the 
skeletal effects of alpha-estradiol benzoate as follows: The calcifica- 
tion and hyalinization of the ground substance caused by the hormone 
are coimteracted, while the suppression of growth of cartilage produced 
by estrogenic hormone is not affected. Excessive amounts of bone in 
the metaphysis found in normally fed animals under the influence of 
estrogen are absent in avitaminosis C. This is probably due to the 
inability of the intercellular matrix to be converted into bone, if 
vitamin C is lacking. Likewise, thickening of the vessel walls seen 
after treatment with estrogen does not take place in hormone-treated 
vitamin C-deficient animals. The onset of the scorbutic sequence in 
the metaphysis of the long bones is retarded and its appearance in 
ribs and vertebrae is counteracted by the administration of estrogenic 
hormone to vitamin C-depleted animals. 
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Plate 167 

Fig. I. Section through the growth zone at the upper end of the tibia of a male 
guinea-pig, whose weight had increased from 185 to 305 gm. during 3 weeks 
of observation. The epiphyseal plate and the metaphysis show a regular con- 
figuration. X 9S- 

Fig. 2. Section through the growth zone at the upper end of the tibia of a male 
guinea-pig which received a total of 150 mg. of alpha-estradiol benzoate over 
a period of 3 weeks. The weight of the animal had increased from 182 to 
351 gm. during the time of obsen^ation. The epiphyseal plate is narrowed and 
heavily calcified, the cartilage cells are smaller, and the trabeculae, particularly 
in their distal parts, are denser and thicker than in Figure i. X 95. 

Fig. 3. Section through the growth zone at the upper end of the tibia of a male 
guinea-pig kept on a vitamin C-free diet for 3 weeks. The initial -weight of 
the animal was 190 gm., the final weight 188 gm. The pattern of the epiphyseal 
plate is irregular and the cartilaginous matrix is loose. "Fibrinoid” material 
is seen in the distal layers of the cartilage and in the abundant loose fibrous 
tissue of the metaphysis; the trabeculae are destroyed. X 95. 

Fig. 4. Section through the growth zone at the upper end of the tibia of a male 
guinea-pig kept on a -vitamin C-free diet, which received a total of 150 mg. of 
alpha-estradiol benzoate during this period. Its initial weight of 184 gm. 
had increased to 286 gm. during the period of obsen’-ation. The epiphyseal 
plate is narrowed and intact, the cartilage cells are smaller than in Figure r, 
and there is increased hyalinization. The metaphysis contains well formed 
but slender trabeculae. No “fibrinoid” material and no fibrous tissue are 
found in the metaphysis. X 95- 
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Plate i6S 


Fig. 5. An area of the metaphysis of the tibia in Figure i. The hypertrophic 
^ cartilage cell.*; are being eroded by engorged capillaries, and many large poly- 
' hedral osteoblasts have been laid down along the trabeculae. X 2S5. 

Fig. 6. An area of the metaphysis of the tibia shown in Figure 2 . Two hyaiinized 
plugs of degenerated cartilage are seen between the hypertrophic cartilage 
cells. The latter are smaller and the vascularization is decreased as compared 
with Figure 5. The trabeculae are long and contain unopened cartilage cells. 
They are covered by osteoblasts which are smaller and more spindle-shaped 
than in Figure 5. X 2S5. 

Fig. 7. An area of the metaphysis of the tibia shown in Figure 3. The cartilage 
cells are distorted and cells of hypertrophic type are ab.sent. The distal part 
of the cartilage and the metaphysis contain fibrinoid material. There is 
increased vascularization and enlargement of the capillaries. The primary 
trabeculae are destroyed. X 285. 

Fig. S. An area of the metaphysis of the tibia shown in Figure 4. The epiphyseal 
cartilage cells are preserved and better developed than in Figure 7. There is 
less hyalinization than in Figure 6. Bony spicules are present, but they are 
■ shorter and thinner than in Figures 5 or 6. Vascularization is decreased as 
compared with Figure 7. but increased as compared with Figure 6. Numerous, 
but small, osteoblasts cover the trabeculae. X 2S5. 
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Plate 169 

Fig. g. Section through the cortex of the tibia shown in Figure i. The endosteum 
consists of many large osteoblasts; the periosteum is loose and contains 
osteoblasts and osteoclasts. X 95. 

Fig. 10. Section through the cortex of the tibia shown in Figure 2. Osteoblasts 
at the endosteum are spindle-shaped and scantier than in Figure 9. The vascu- 
larization is decreased, and the osteocytes are small. The outer layer of the 
shaft is smoother than in Figure 9 and does not contain lacunar grooves with 
osteoclasts. The periosteum is dense and somewhat less vascular. X 95. 

Fig. II. Section through the cortex of the tibia sboum in Figure 3. The cortex 
is markedly thinned out, the endosteum consists of spindle cells, the vascular 
canals are greatly enlarged and contain loose connective tissue poor in cells, 
and the periosteum is edematous and detached from the cortex. X 95. 

Fig. 12. Section through the cortex of the tibia shown in Figure 4. The cortex is 
thicker, the vascular canals are less engorged, the connective tissue is more 
cellular and denser, and the periosteum is less edematous than in Figure ii. 

X 95. 
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CYTOLOGIC STUDIES WITH THE PHASE MICROSCOPE 
IV. Morphologic Changes Associated with the Death of Cells 

IN Vitro and in Vivo * 

Haks U. Zolunger, M.D.t 

{From the Department of Pathology of Cornell University Medical College, 
and the New York Hospital, New York, N,Y.) 

In this paper changes in dying and dead cells as viewed with the 
phase microscope (PM) are described. The technic and the material 
used in these experiments have been described in a preceding paper 

Death of an individual means generally “cessation or extinction of 
life,” whereas cell death is interpreted as “complete degeneration or 
necrosis of cells” (Dorland^). This purely morphologic description 
of cell death is not satisfactory. Therefore, a method has to be found 
by which it is possible to test the viability of a cell, thus giving the 
morphologic statement the necessary biologic background. 

Observations 

When living cells are suspended in a physiologic medium (saline, 
buffered glucose Ringer solution (BGR), homologous serum) at 37°C. 
for from to 3 hours, the nuclei exhibit a change described as the 
intermediate stage ^ : the nuclear membrane becomes thicker and more 
irregular, the chromatin network is replaced by numerous black, irregu- 
lar dots of variable size, and the whole nucleoplasm appears somewhat 
darker (Figs, i and 2). In this stage, the cilia of ciliated epithelium 
gradually move more slowly, and finally stop; but they vibrate again 
when fresh physiologic saline solution is added to the suspension. 
Later, more and more nuclei show brilliant nucleoli (Fig. 3), and then 
the nuclear membrane also becomes brilliant and double-contoured 
(Fig. 4). The chromatin network of such cells is very plump, some of 
its condensations (karyosomes) are brilliant, and the nucleoplasm again 
appears fighter. The protoplasm has shrunk slightly, the mitochondria 
are medium-sized, and the storage granules^ are enlarged (Fig. 5). 
This can be called the brilliant type of nuclear change.^ These cells, 
particularly the nucleus and the storage granules, are stained deep red 
by neutral red in a strength of i; 10,000. Suspensions which have 
been at 37°C. for 6 hours contain, exclusively, cells with brilliant 
nuclei. 

At room temperature, the cilia of large pieces of tracheal epithelium 
of frogs and mice stiU move very fast after 6 hours. Later, they stop 
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moving in one cell after the other. At the same time, the first signs 
.of the brilliant type of nucleus appear. After 24 hours, this suspension 
contains about 70 per cent of cells with brilliant nuclei, and no ciliary 
movement can be seen after the addition of fresh saline solution. 

A cell suspension, after having been in the icebox at 6°C. for 24 
hours, shows about 5 per cent of cells with brilliant nuclei, and the 
storage granules are strikingly small, when compared with those of 
suspensions stored at higher temperatures. When this suspension is 
transferred to a water bath at 37°C., the cells show the different stages 
mentioned above within a much shorter time. 

Cells in the mitotic phase contain brilliant, irregular chromosomes 
after being in the suspension at 37®C. for 30 minutes only. After i 
hour, the chromosomes of the cells in mitosis are no longer visible 
(see study III®). The mitotic cells with brilliant chromosomes con- 
tain relatively large, black protoplasmic granules, and the perichromo- 
somal halo is less distinct than in fresh mitotic cells. 

The nuclei of cells situated in the centers of large cell clumps and 
of tissue fragments turn brilliant long before the single cells and the 
cells on the edges of clumps. 

The cilia of cells with brilliant nuclei never move, and the movement 
cannot be revived by any means. This was interpreted as indicating 
that cell, death had occurred. In order to obtain a second biologic 
proof of the death of cells with brilliant nuclei, the following experiment 
was carried out. Three sterile cell suspensions (C3H sarcoma, Gard- 
ner’s l3maphosarcoma, and a spontaneous breast tunior of the mouse) 
were kept in the icebox for 24 hours. Then, after observation with the 
PM had shown that about 6 per cent of the cells had brilliant nuclei, 
0.5 cc. portions of each suspension were injected subcutaneously at 
different sites into 4 C3H mice. Another, series of 4 C3H mice were 
injected with the same amount of similar suspensions, which had been 
kept at 37°C. for 24 hours; a PM examination before the injection 
showed that all of the cells of these latter suspensions contained bril- 
liant nuclei. 

Examination of the tumor growth by palpation on the seventh day 
and by autopsy on the tenth day revealed good tumor growth in every 
site and in every animal of the first series, whereas the tumor cells 
of the second series, exhibiting brilliant nuclei, did not grow in any 
animal. 

In order to investigate the influence of high temperature on cells, 
suspensions of Browh-Pearce carcinoma cells in thin-walled test tubes 
were placed in water baths of different temperatures. Samples of these 
heated suspensions, the bacteriologic sterility of which was maintained 
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carefully, were investigated after various intervals of time, and the 
approximate percentage of cells containing brilliant nuclei was deter- 
mined. At 37 °C. the majority of the cells showed nuclei in the inter- 
mediate stage after 2 hours. The mitochondria, and particularly the 
storage granules, were enlarged. About 15 per cent of the cells con- 
tained brilliant nuclei. After 4 hours at 37°C., 54 per cent, and after 
5 hours 82 per cent of the cells in the suspension exhibited the brilhant 
type of nuclear change. One hour later, the suspension contained 
only a very few cells without the brilliant change of the nucleus. About 
the same percentage was found when normal rabbit serum was used 
instead of physiologic saline solution. 

A temperature of 50 °C. brings about the typical brilliant change 
of the nuclei in about 32 per cent of the cells after 2 minutes. At this 
temperature, the mitochondria first enlarge, and later decrease in size. 
The intermediate stage of nuclear change appears in numerous cells 
of this suspension. Figure 6 demonstrates such a cell, the nucleus of 
which turned brilliant 6 minutes after this picture was taken (Fig. 7). 

Boiling water immediately produces the brilliant t3^e of nucleus in 
every cell. The mitochondria and the cellular membrane disappear, and 
the protoplasm becomes net-like. The cellular membrane also dis- 
appears after 10 minutes at 65 °C., and after 5 minutes at 75 °C. About 
10 per cent of the cells exhibit this alteration even after 2 minutes at 
75 °C., after 5 minutes at 65 °C., and after 10 minutes at 56 °C. 

After 20 minutes the storage granules are slightly enlarged at 37°C. 
whereas they are small at 45 °C. and at 56°C. They disappear after 10 
minutes at 65 °C., after 5 minutes at 75 °C., and immediately in boil- 
ing water. 

That alcohol, acetone, formalin, and acids also bring about the bril- 
liant type of nucleus has already been described.^ It may be added 
that the ciliary movement stops in every case as soon as the chemical 
reaches the cells, and that it cannot be revived by replacement of the 
chemical by physiologic saline solution. This is true even for the 
temporary intermediate stage of nuclei in potassium bichromate. The 
only differences between cells that died spontaneously in suspensions 
and those killed by formalin, etc., are the thickness of the brilliant 
nuclear membrane, which is slightly less in the former than in the 
latter, and the fact that cells that died spontaneously are stained 
brighter red by neutral red in a strength of i:io,oco than are the 
others. 

Distilled water produces another t5T3e of nuclear change. The nuclei 
become slightly swollen and the nucleoplasm appears haz}-, homoge- 
nous, and gray, whereas the nuclear membranes and the nucleoli remain 
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distinctly visible. Many hours later, the nuclei may fade, or even dis- 
appear (Fig. 8). The cellular membranes and protoplasmic granules of 
both types disappear much later. In distinction from the brilliant t3^e 
this is called the hazy type.^ Distilled water does not kill the cells 
within a short time. The cilia still move very fast, and thus turn the 
cells over and over, even when the nuclei have been hazy for a few 
minutes (Fig. 9). Then, the cilia stop vibrating in one cell after an- 
other, but not earlier than 12 minutes after the addition of the distilled 
water (Fig. 10). When distilled water is replaced by physiologic saline 
solution at this moment, some of the cells renew their ciliary movement, 
but in many of the cells nothing happens. In distilled water bh'ster 
formation ^ continues and even starts in cells with hazy nuclei, whereas 
this phenomenon never occurs in cells with brilliant nuclei. The same 
is true for the enlargement of the storage granules.^ 

Cilia stop moving when molar NaCl replaces the physiologic medium 
and the nuclei turn hazy.® Vibration cannot be revived even if the 
molar NaCl is replaced by physiologic saline solution just after the 
nuclei have turned hazy. Cells, the nuclei of which have been brilliant 
before the addition of molar NaCl, shrink and turn yellow when 
reached under the coverslip by molar NaCl; the nucleus is no longer 
visible in such mummy-like cells. There is no similarity between this 
change and the hazy t3^e, which is produced by the action of molar 
NaCl on living cells. Formalin (Fig. ii), alcohol, acetone, and acids 
have the same effect on dead cells. 

In order to make absolutely sure about the viability of cells in 
molar NaCl and in distilled water, a biologic test was used. A bacteri- 
ologically sterile suspension of Brown-Pearce carcinoma cells in BGR 
was prepared and kept at room temperature for 15 minutes. Then, 
part of it was injected into rabbits (suspension A, control), after it 
had been noticed with the PM that practically aU of the cells were 
unchanged. From the rest, suspensions B, C, and E were prepared. 
One and one-half cc. of the original suspension was mixed with 4.4 cc. 
of distilled water (suspension B); under the PM all of the cells were 
enlarged, the mitochondria were vesicular, and the nuclei were hazy. 
Ten minutes later, this suspension was restored to isotonicity by adding 
an adequate amount of molar NaCl. Under the PM these cells looked 
absolutely normal. Suspension C (4.5 cc. of BGR mixed with r.5 cc. 
of the original suspension) served as a second diluted control. Under 
the PM all of the cells were found to be as well preserved as in the 
original suspension A. Suspension D was obtained by pressing the 
minced tumor pieces through a metal sieve into molar NaCl. All of 
the nuclei of this suspension were hazy under the PM. An attempt 
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was made to restore this suspension to isotonicity by means of distilled 
water (suspension E) but oh account of the considerable dilution the 
suspension contained only a few intact cells, all showing nuclei of the 
hazy type. 

The different suspensions were implanted into 3 adult agouti rabbits. 
Each animal received intramuscular injections of i cc. at six different 
sites (upper extensors of all four legs, flexors of the thighs) : suspen- 
sion A in three sites; B, C, and D, each in one site. One animal re- 
ceived an injection of suspension E instead of D. 

After 9 days, the growth of the tumors was determined by palpation. 
A tumor of about 3.5 cm. in length was found at each site where sus- 
pensions A, B, and C had been injected. At the site of the other 
injections, no tumor could be palpated. Autopsies confirmed these 
findings in all animals. 

From this experiment it became evident that the Brown-Pearce 
carcinoma cells were killed by molar NaCl, but that they survived the 
action of distilled water, although their nuclei had been hazy for at 
least 15 minutes. 

The hazy t)rpe of nuclear change also appears in cells of a suspension 
which remains under the coverslip for several hours without being 
protected from evaporation (Fig. 12). When fresh physiologic saline 
solution or BGR is added on the edge of the coverslip, the nucleus turns 
brighter, the chromatin network as well as the nucleoli reappear, and 
the cilia start moving again. A somewhat similar alteration is pro- 
duced by pressure on the coverslip, but in that case the nuclear and 
cellular membranes are destroyed and the mitochondria disappear, 
whereas the storage granules remain unchanged (Fig. 13). No signs 
of life can be seen in such cells, and cilia never move again after the 
nuclei exhibit this change. 

In fresh suspensions of a partly necrotic tumor cellular changes of 
two further t3^es appear: pyknosis and necrosis. The nuclei of pyk- 
notic cells are very compact, dark, and somewhat granular under the 
PM. The protoplasmic granules are no longer visible, and the vdiole 
cell is more refractive, shiny yellow, and slightly shrunken. Necrotic 
cells (see Fig. 22 of study II are very small, irregularly shaped, and 
shiny yellow, with the exception of rare nuclear fragments which are 
dark, round particles, 2 to 6 /x in diameter. There is no nucleus to be 
seen. Everv necrotic cell is stained deeply and entirely when neutral 
red (1:10,000 in ph3’’siologic saline solution) is added to the suspen- 
sion. Such cells do not show any reaction to ammonia and to the other 
chemicals mentioned above. The transformation of cells containing 
brilliant nuclei into necrobiotic or necrotic cells does not take place 
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before the cells have been in the suspension for from 2 to 4 days. The 
nuclei disappear by karyorrhexis or karyolysis. In very fresh suspen- 
sions of partly necrotic tumors, intermediate stages between brilliant 
nuclei and pyknotic or necrotic cells occasionally are seen. 

Discussion 

Cowdry ° defined death as “the disorganization of living matter, 
which makes permanently impossible all vital phenomena.” One of 
these vital phenomena, which can be observed under the PM, is the 
movement of the cilia of the ciliated epithelium of the frog’s pharynx. 
This motion is an indication of the viability of a cell, whereas the lack 
of ciliary movement suggests the death of a cell, provided that the 
restoration of the suspension medium to normal conditions does not 
engender further movement of the cilia. A second and more trust- 
worthy indication of viability is the multiplication of malignant tumor 
cells after their injection into susceptible hosts. As a matter of fact, 
the experiments mentioned above show that the same adverse surround- 
ings under which cells suffer loss of the vegetative function of ciliary 
movement also cause loss of the ability of malignant tumor cells to 
grow in susceptible hosts. 

Furthermore, these studies with the PM demonstrate that various 
morphologic alterations of the nuclei develop simultaneously with the 
loss of the viability of cells. Cells which have been in a physiologic 
medium for several hours first show the intermediate stage of nuclear 
change,® and then turn brilliant.® This increase of the nuclear refrac- 
tivity and the appearance of a marked nuclear membrane are con- 
sidered by Lewis and McCoy ® as t3^ical signs of cell death. The 
biologic test mentioned above confirms this assumption. The viability 
of cells showing nuclei in the intermediate stage could not be tested, 
since suspensions never contain this cell type exclusively. 

It was shown ^ that the storage granules in d3dng cells probably 
carry waste products of the cells. The enlargement of the storage 
granules is distinctly accelerated at relatively high temperatures, con- 
siderably delayed at low temperatures, and even totally suppressed in 
the icebox. This suspended or delayed accumulation of waste products 
at low temperature (vitrification) may be one explanation of the pro- 
longed survival time of the cells, and it is known that cells can be 
revived after having been in a state of total vitrification for weeks and 
even months. 

The beginning of the brilliant type of nuclear change indicates that 
cell death has already occurred. Baker and Bradley ® showed that 
the intracellular pH becomes acidic immediately after death, and the 
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experiments with acids ^ demonstrated the same qualitative effect of 
acids on the nuclear elements as observed in spontaneous death. The 
^^t qualitative difference between cells which died spontaneously and 
those which' were artificially killed, which consists in a smaller width 
of nuclear membrane in the former, is presumably a consequence 
of th^higher precipitative potency of these chemicals. 

It has been known for a long time that the nuclei of dead cells in 
suspensions are stained diffusely by neutral red, etc., whereas they are 
not stained during life. Schrek^ stated that formalin-killed cells do 
not take eosin (1:2,000), whereas cells which die spontaneously are 
stained red. In my experiments when eosin was used one could observe 
a slight delay in the staining of formalin-killed cells and a paler color. 
Dead cells of both types^were well stained by neutral red in a i : 10,000 
solution. 

From the observations on the death of cells by heat it is clear that 
the percentage of dead cells depends not only on the temperature, but 
also on the time during which the hot solution acts upon the cells. 
Strong heat, even 75 °C., apparently does not kill all of the cells of one 
particular type in a suspension at the same moment. It is conceivable 
that this is due to differences in the sensitivity of the single cells, de- 
pending on their age and their stage of degeneration previous to the 
heat experiment. 

The ha2y type of nuclear change, which is produced by distilled 
water, molar NaCI, ammonia, alkali, and mechanical destruction of 
the cells, is not a reliable sign of death since cells which show the hazy 
type of nuclei caused by distilled water can be revived. On the other 
hand, when the hazy change of nuclei is caused by any other of the 
above-mentioned agents, these cells cannot be revived, and should be 
considered dead. It is also of interest that the appearance of the hazy 
type of nucleus proves that the cells have been living before the agent 
acted upon the cells, because previously dead cells are converted into 
yellow mummies when exposed to these agents, and do not show hazy 
nuclei (Fig. ii). 

Contrary to the opinion of Lewis, blisters are not a sign of death. 
In fact, the initial formation, or a further growth of blisters in dead 
cells, has not been seen, and the majority of dead cells do not contain 
blisters. Cells which have already formed blisters may retain them 
after deatli, but the formation or the further enlargement of already 
existing blisters is a reliable sign of life.^ 

' The movement of the cilia is another very reliable indication of the 
viability of cells. When the cells die, it stops and tlie nuclei turn bril- 
liant simultaneously; the movement can never be revived in such cells. 
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In cells containing hazy nuclei produced by the action of distilled water 
or molar saline solution, the ciliary movement corresponds with the 
outcome of the biologic test. In distilled water, the cilia move for a 
time, or if this movement has stopped it usually can be revived by the 
action of normal saline solution. Accordingly, malignant tumor cells 
treated with distilled water for a limited time do not lose their ability 
to grow in susceptible hosts. In molar saline solution, on the other 
hand, the ciliary movement stops irreversibly, and the cells do not 
grow in hosts. 

With respect to the protoplasm of dying cells, the descriptions 
offered by Lewis and Lewis and Lewis are somewhat different from 
the observations reported above. These authors mentioned that the 
mitochondria, as well as the “degeneration granules,” and the vacuoles 
disappear, and that their disintegration is followed by granules of a new 
type, called “death” or “d-granules” by Lewis.^° However, the appear- 
ance of granules of a new t3rpe was never observed in the experiments 
mentioned above, and the mitochondria did not disappear until the 
nucleus broke down. The storage granules were still well preserved, 
but very much enlarged, even when the cells disintegrated in physio- 
logic saline solution at 37°C. after i day. The “death granules,” there- 
fore, are likely to be identical to the enlarged storage granules. On 
the other hand, one has to take into consideration the fact that the 
observations of these authors are based on a material different from 
that used in my experiments. 

The degenerative protoplasmic alterations, as seen in cells in old 
suspension, and the intermediate stage of nuclear change in such cells, 
remind one very muchj)f cloudy swelling (see, for instance, the de- 
scription given by Karsner^^). Water-intake is considered to be the 
first step leading to cloudy swelling. In cell suspensions it manifests 
itself by blister formation,^ but in tissues the entire cell becomes swol- 
len. Karsner suggested that acidification of the protoplasm could be 
the reason for these changes. This opinion corresponds to the explana- 
tion of the final stages of cell death given above. The fact that cells 
in the mitotic phase die much sooner in suspensions than do resting 
cells is a further proof of the increased sensitivity of cells during 
mitosis. 

The mummy-like cells, produced by the action of various chemicals 
upon already dead cells, are generally called necrotic if viewed in 
microscopic sections, and, as a matter of fact, cells of necrotic tumor 
areas show a similar structure to these mummies when viewed with the 
PM. The smah structural differences between genuine necrotic cells in 
tissues (in vivo) and mummy-like cells which develop under the influ- 
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ence of fixatives from fresh dead cells {in vitro) are likely to be based 
upon differences in the manner of action of the protoplasmic autolytic 
enzymes and of the chemicals added to the suspension, botli of them 
altering the already dead cells. According to Baker, ^ only the cleavage 
of the nucleoproteins into amino acids by enzymes brings about the 
typical structure of necrotic cells. Therefore, the disappearance of the 
nuclei in stained microscopic sections of necrotic areas does not signify 
more than the fact that the resorption of dead cells has already started. 
Recent cell death as such cannot be recognized in microscopic sections, 
since all of the cells are killed anyway during the process of fixation. 
Small wonder that by means of the ordinary microscope one cannot 
recognize any alterations in sections of very fresh infarcts of the myo- 
cardium, etc. It can be expected that the PM will be of valuable prac- 
tical help for future studies in this field, because it discloses even the 
earliest changes indicating death. 

What is the significance of pyknosis and necrobiosis in general? 
It already has been stated that the development of neither pylcnosis 
nor necrosis can be observed in short-term experiments hi vitro, pro- 
vided that no chemicals are added; the further changes of dead cells 
in suspensions consist of a decrease in nuclear size, and later of 
karyorrhexis, a very slow disintegration of the storage granules (Fig. 
14), and disappearance of the mitochondria. In fresh cell suspensions, 
it is possible to find the various stages of nuclear disintegration, which 
has taken place in vivo. The earliest stage is the brilliant type; then 
follow pyknosis, karyorrhexis, and karyolysis (necrosis). Accordingly, 
pyknosis — one of the various signs of necrobiosis — as well as necrosis 
itself, are stages in a consecutive series of secondary changes in dead cells. 

Summary 

The phase microscope makes possible a method by which the cytol- 
ogy of d5dng and dead cells can be studied without interference by the 
effects of fixation and staining. 

The most conspicuous alterations indicating cell deatli occur in the 
nucleus, as described in a preceding paper.^ One can distinguish be- 
tween a brilliant and a hazy type. A third alteration, the temporar}' 
intermediate stage, is produced by 3 per cent potassium bichromate; 
it can be seen also in old cell suspensions. The brilliant type, caused 
by over-age of the suspension, heat, fixatives, or in other ways, is a 
reliable sign of death. The viability of cells exliibiting the intermediate 
stage of nuclear change could not be tested. The haz}- type following 
' the action of distilled water does not, as such, prove cell death, be- 
cause such cells in distilled water can be revived. With molar NaCl, 
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ammonia, alkali, and mechanical crushing of cells, hazy nuclei indicate 
cell death. 

In addition to the nuclear structure, the ciliary movement is an ex- 
cellent morphologic indicator for the viability of cells; the movement 
stops irreversibly and simultaneously with the appearance of nuclear 
signs of death. The same is true for the new formation and the further 
growth of blisters. Cells of transplantable tumors do not grow in 
susceptible hosts if they show the above-mentioned morphologic signs 
of death. 

Mitotic cells die much sooner in suspensions, and they are generally 
more sensitive to artificial changes of the surrounding milieu than are 
cells in the resting phase. 

Necrotic and necrobiotic cells are dead cells that show alterations 
caused by the action of autolytic intracellular enzymes in addition to 
the nuclear and protoplasmic changes mentioned above. Necrosis and 
necrobiosis occur only after 2 to 4 days m vitro under the experimental 
conditions herein described. 

It is conceivable that cloudy swelling of cells in vivo is identical to 
the first stage of degeneration observed in cells in suspensions. 
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Plate 170 

Fig. I. Brown-Pearce carcinoma cells which have been at 37°C. for 90 minutes. 
There are large blisters in both cells on the left, and some vacuoles in the right 
upper cell. The chromatin network begins to appear more granular in the 
two cells on the left, when compared with the upper cell. PM. X 1400. 

Fig. 2, Brown-Pearce carcinoma cells, which have been in a suspension at 37°C. 
for 2j4 hours. The twm cells in the left upper quadrant show the intermediate 
stage of nucleus; in the nucleus below, this change is just beginning. PM. 
X 1400. 

Fig. 3. Dying Brown-Pearce carcinoma cells, which have been at 37°C. for 4 
hours. The chromatin appears more like spots than in the form of a network, 
the nuclear membranes are more irregular and thicker than in normal cells, 
and the nucleolus of the lower left cell is already briUiant. PM. X 1400. 

Fig. 4. C3H sarcoma cells, later stage of death (4^ hours). The tw’o cells on 
the right are dead, showing an irregular, double-contoured, brilh'ant membrane 
and brilliant nucleoli. The cell on the left shoves a shght wrinkling of the 
nuclear membrane, and enlarged chromatin condensations. Of note are a 
large blister and greatly enlarged storage granules of the upper of the two 
dead cells. PM. X 1400. 

Fig. 5. Browm-Pearce carcinoma cell, last phase of- death (6 hours), showing 
shrinkage of the nucleus. A previously existing blister has not disappeared. 
PM. X 1400. 

Fig. 6. Brown-Pearce carcinoma cell, which has been at 50° C. for 2 minutes. The 
nucleus is slightly shrunken, the nuclear membrane is irregular, the chromatin 
network is dense, and the nucleoplasm has become cloudy. PM. X 1400. 

Fig. 7. The same cell as shown in Figure 6, 6 minutes later. The nuclear changes 
are still more distinct, the nuclear membrane and the nucleolus are brilliant, 
and the storage granules are enlarged. PM. X 1400. 

Fig. 8. Late phase of the hazy changes. Ghost cells, -with but little recognizable 
cellular structure, are seen. PM. X 1400. 
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Fig. 9. Ciliated epithelial cell of the frog pharyn.\' after having been in distilled 
water for 3 minutes. The cilia move so fast that the cell constantly turns 
around and, therefore, appears indistinct. The nucleus is already hazy and 
enlarged; the nucleolus of the cell on the right is visible. PM. X 1400. 

Fig. 10. The same cell as shown in Figure 9. 8 minutes later. The cilia no longer 
move; a large blister has appeared; vacuoles have formed; and the nuclei 
are hazy. PM. X 1400. 

Fig. II. The effect of 10 per cent formalin upon living and dead cells. The 
nucleus of the uppermost cell was already brilliant before formalin was substi- 
tuted for the physiologic saline solution; the nuclei of the other cells arc 
unchanged. The fonnalin has just reached the cells: the nuclei of cells previ- 
ously living show the intermediate stage, whereas the dead cell is shrunken, 
and has become more retractile. PM. X 1400. 

Fig..! 2. Frog kidney cells after the same sample of the suspension was observed 
under the coverslip for 45 minutes. The cells are beginning to change their 
appearance because of evaporation of the suspension fluid. The nucleoplasm of 
the two cells on the left has become hazy and almost homogenous, whereas 
the nucleoli are unchanged. The storage granules and the mitochondria are 
enlarged. PM. X 1400. 

Fig. 13. Brown-Pearce carcinoma cells adjacent to a crushed area caused by local 
pressure on the coverslip. The nuclei are hazy, but. with the ex'ception of the 
cell on the left, they are distinctly outlined; the nucleoli have disappeared. 
The granules are decreased in number, and the protoplasm contains numerous 
small vacuoles. PM. X 1400. 

Fig. 14. Brown-Pearce carcinoma cell, which was obser\-ed for 36 hours after 
spontaneous death. The nucleus is darker and smaller than in recenth’ dead 
cells. The majority of the storage granules have disappeared and the mito- 
chondria are no longer recognizable. PM. X 1400. 







CYTOLOGIC CHANGES IN TimilC GLANDS 
EXPOSED IN VIVO TO X-RAYS 

Robert Schrek, M.D. 

{From the Tumor Research Unit, Veterans Administration, Hines, 111 .) 

In previous work/"^ cellular suspensions derived from the thymic 
glands of rabbits were treated with x-rays and were studied by the 
method of unstained cell counts, by dark-field microscopy, and by his- 
tologic sections. It was found that x-rays killed the thymic cells after 
a latent period of 3 hours or more. During the latent period, many 
of the viable, irradiated cells developed single or multiple structures 
which were visible on dark-field illumination and which were termed 
primary vacuoles. In histologic sections of the suspension, the 
primary vacuoles were seen to be intranuclear. Nearly all of 
the irradiated cells were dead after 24 hours of incubation at 
37°C. Dark-field examination showed that the dead cells were small 
and round and had single, fairly large, dark, partly encapsulated struc- 
tures which were termed secondary vacuoles. In histologic sections the 
secondary vacuoles were seen to correspond to the pylmotic nuclei. 
Further study showed that in nonirradiated suspensions incubated at 
37°C., primary and secondary vacuoles also developed but at a slower 
rate than in irradiated suspensions. It was concluded that x-rays did 
not initiate any new degenerative process but accelerated the normal 
ageing, degeneration, and death of the lymphocyte. 

These observations on the action of x-ra3^s were made on thymic 
cells which were irradiated iit vitro and were incubated aerobicalty at 
37°C. The present study considers the question whether similar phe- 
nomena occur in thymic tissue irradiated in vivo. 

Methods 

Anesthetized rats and rabbits were treated with 1000 r. units of 
x-ray irradiation over tlie thjunic glands and tlie animals were sacri- 
ficed I to 6 hours later. One lobe of the gland was fixed in Bouin’s 
solution and other fixatives. Paraffin sections of the tissue were stained 
with hematoxylin and eosin and with Feulgen’s stain. 

The other lobe of the irradiated gland was chopped up with scissors 
and filtered through a fine metal screen. To a small sample of the 
resulting suspension was added eosin in Tyrode’s solution and a count 
was made of the number of stained (or dead) cells, unstained (or 
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viable) cells, and red blood cells. By this method of unstained cell 
counts, it was possible to Gstinmte the percentage of viable cells in the 
suspension. The suspension was examined also by dark-field illumina- 
tion to determine the presence of primary and secondary vacuoles. 
Further details of the methods used have been presented in previous 
papers.^"^ 

Irradiated Thymic Glands 

An unstained cell count of the suspension of a thymus, 3 hours after 
irradiation, showed tliat 85 per cent of the cells were viable (Fig. i). 
In a control suspension of a normal thymus, 86 per cent of the cells 
were viable. Evidently, the technical procedures killed approximately 
15 per cent of the cells in tlie two suspensions. Apparently the l3rmpho- 
cytes were not killed by the x-rays 3 hours after irradiation. 

On dark-field examination of the irradiated cells, 35 per cent of the 
Ijnnphocytes had primary vacuoles which appeared as single or mul- 
tiple, dark, round structures usually surrounded by a vacuolar wall 
(Fig. 2). Some of the cells with multiple vacuoles were irregular. The 
vacuolated cells were similar in ail respects to those seen in suspensions 
irradiated and incubated m mtro. In contrast, the suspensions from 
normal thymic glands had only an occasional vacuolated cell. The 
normal cells were round and were filled with fine intranuclear granules 
and had a few larger, brighter mitochondria (Fig. 3). 

In the sections stained by Feulgen’s method (Fig. 4), many nuclei 
had a round, central vacuole which either was unstained by Feulgen’s 
method or took a light homogeneous stain. An occasional cell had two 
such clear areas. Surrounding the vacuole was a basophilic mass in the 
shape of a ring, horseshoe, or crescent. This mass usually stained 
deeply and imiformly, but in some cells it was composed of numerous 
fine chromatin granules. 

Sections stained with hematoxylin and by Giemsa’s method also 
showed cells with vacuolated nuclei. There appeared to be, however, 
fewer vacuolated nuclei in sections stained with hematoxylin than in 
those prepared by Feulgen’s method. 

On correlating the appearance of the living and the fixed cells, it 
would appear that the vacuoles observed on dark-field study corre- 
sponded with the unstained central areas in the sections. The ring or 
horseshoe-shaped, Feulgen-positive mass surrounding the vacuoles in 
the fixed sections probably corresponded with the bright, thick vacuo- 
lar wall observed under dark-field examination. 

Thymic tissue removed 5 hours after irradiation showed, in histo- 
logic sections, few normal nuclei in the cortex. Most of the cells had 
pyknotic nuclei and a few had intranuclear vacuoles. In addition there 
were also many fragmented nuclei which stained deeply. 
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A suspension derived from this 5-hour thymus was prepared simul- 
taneously. Examination of the eosin-stained cellular suspension showed 
numerous small, protoplasmic masses which varied in size down to 
1 fj, in diameter. The protoplasmic masses usually were unstained. 
They evidently corresponded to the fragmented nuclei seen in histo- 
logic sections. In spite of the failure of the small protoplasmic masses 
to stain with eosin, one had to assume that they were not viable. The 
failure of the protoplasmic masses to stain and the difficulty in differ- 
entiating a complete cell from a cell fragment made it difficult to obtain 
a satisfactory unstained cell count. 

Dark-field examination of the suspension showed many cells with 
a single, large, secondary vacuole and a small crescent of fine and 
coarse granules. A thick, bright wall separated the vacuole from the 
surrounding media but there was no wall between the vacuole and the 
cytoplasmic granules. The fragmented nuclei seen in the sections and 
the unstained small protoplasmic masses observed in the hemacytome- 
ter were found, on dark-field illumination, to have thin but well illumi- 
nated walls (Fig. 5). Most of these structures were dark, but some of 
them had a few small granules which did not show browmian move- 
ment. 

Normal Thymic Glands 

According to the unstained cell counts, suspensions of untreated 
thymic tissue contained cells of which 14 per cent were dead and 
stained readily with eosin. It is believed that most of the dead cells 
were killed in the course of preparing the suspension. On dark-field 
examination a rare cell had a primary or secondary vacuole. In histo- 
logic sections an occasional cell with an intranuclear vacuole was 
found (Fig. 6). Evidently the degeneration of cortical cells by means 
of intranuclear vacuoles occurred in vivo in normal, nonirradiated th}'-- 
mic glands. 

Discussion 
Intranuclear Vacuoles 

These studies by dark-field illumination showed that the first histo- 
logic reaction of lymphocytes to irradiation was the formation of one 
or a few small primar}’- vacuoles within the nucleus. The formation and 
growtli of the vacuoles were associated with an observed increase in 
the size of the cell. 

Vacuolization and increase in tlie size of nuclei following irradiation 
probably have been observed b}-- many pathologists in routine surgical 
and post-mortem tissue sections. As early as 1907, Warthin ^ de- 
scribed vacuolation of tlie nuclei of renal epithelium following irradia- 
tion. A good description of the phenomenon was given b}* Eckert and 
Cooper.® They observed that normal and malignant epithelial cells 



1058 


SCHREK 


of the uterine cervix underwent, after irradiation, three changes in 
the nuclei, namely, pyknosis, enlargementj and vacuolization. They 
found that the least common aberration in normal cells was vacuoliza- 
tion. The vacuoles varied in size up to the point of occupying the 
entire nucleus. They also varied in position and were either central or 
eccentric. Those located eccentrically were found usually in elongated 
nuclei and frequently were large enough to distend and distort one end 
of the nucleus. Occasionally, two or three vacuoles appeared in a 
single nucleus. In 3 cases of carcinoma of the cervix, the most notable 
change following irradiation was tlie presence of many vacuolated 
nuclei. The neoplasms of these cases received relatively small amounts 
of roentgen irradiation and all showed little effect from the therapy 
other than the increased vacuolation. The Feulgen stain was found to 
reveal more nuclear damage than the hematoxylin and eosin stain. 
Eckert and Cooper stated they could not explain the vacuolation of 
the nuclei, but suggested that the vacuoles were forms of localized 
degeneration of the nuclei. 

Intranuclear vacuolization following irradiation has not, however, 
been described by some investigators. Akaiwa and Takeshima,”^ for 
example, irradiated the popliteal l3miph nodes of rabbits. They found 
that during the first 12 hours the lymph node became enlarged and 
many cells showed nuclear disintegration. Intranuclear vacuoles were 
not observed although one would expect them, according to the present 
studies. The failure to observe post-irradiation, intranuclear vacuoles 
may be attributed to several factors. In the first place, these vacuoles 
are transient and the time of examination should be suitable for their 
demonstration. Secondly, the usual methods of fixation cause more or 
less shrinkage of cells and are not satisfactory for the preservation of 
intranuclear vacuoles. Finally, the predominating lesion in the irradi- 
ated tissue is the end-result of pyknosis and fragmentation, rather than 
the intermediate stage of vacuolization. As a result of these factors, 
investigators have overlooked or failed to describe intranuclear vacuo- 
lation. It is only when dark-field methods are employed that one 
realizes the high incidence of these vacuoles in irradiated cells. 

Intranuclear Inclusions 

To some extent, intranuclear vacuoles resemble intranuclear inclu- 
sions. A satisfactory definition differentiating between vacuoles and 
inclusions cannot at present be given, since the nature of these two 
structures is not known. 

Intranuclear vacuoles have been observed in normal tissue and m 
tumors, according to the work of Roskin,® Osgood,® Apitz,^® and others. 
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Similarly, intranuclear inclusions have been described in normal and 
malignant tissue. Bland and Russell found intranuclear inclusions in 
tissue cultures of human meningiomata. They were visible in the living 
nucleus and had the appearance of vacuoles which closely resembled 
cytoplasmic vacuoles. They were optically empty by transmitted light 
but appeared granular by ultraviolet light. They could be seen by 
means of the dark-ground method. These authors, however, did not 
describe the appearance of the inclusions under dark-field illumination. 
In cultures stained with hematoxylin, the inclusions appeared as vacu- 
oles limited by a membrane. Their internal structure was slight and 
consisted of a fine granulation or a spider’s web of thin threads which 
stained pink with eosin. It would seem from this description that the 
intranuclear structures might be called vacuoles just as aptly, or per- 
haps even more suitably, than inclusions. 

Acidophilic intranuclear inclusion bodies in human gliomas were 
reported by Russell.^^ Similar structures were found by Wolf and 
Orton in glioblastomas and in meningeal and perineural fibroblas- 
toraas. Ludford observed inclusion bodies with and without melanin 
in tissue cultures of human melanomas. 

Fischmann and Russell described inclusions in tissue cultures of 
human leptomeningioma, of rat and chick embryos, and of fibro- 
blasts from the lungs of human and rat fetuses. Attempts to influ- 
ence the development of the inclusions were unsuccessful. These 
authors also observed deep indentations or bays within the nuclear 
membrane so that the nucleus appeared as an incomplete ring. Similar 
structures were observed in the present study and described as horse- 
shoe-shaped masses of chromatin material. Fischmann and Russell 
considered the possibihty that the incomplete-ring nucleus closed and 
nipped off a c3d;oplasmic mass which became the intranuclear inclusion. 
In this study, it seemed that the ring nucleus ruptured at one point 
and ultimately discharged the contents of the vacuole into the cyto- 
plasm. The present findings indicated that the ring nucleus preceded 
the horseshoe-shaped nucleus, and not the reverse as suggested by 
Fischmann and Russell. 

Lucke described prominent intranuclear inclusions in a tumor of 
the kidney of the frog, Rana pipiem. Covell observed inclusions in 
tissues of apparently healthy monkeys. Both believed that the inclu- 
sions indicated the presence of a %irus. 

In view of the present studies, one might consider the possibility tliat 
the inclusions occurring spontaneously in normal and malignant cells 
were, like intranuclear vacuoles, signs of spontaneous degenerative 
changes in the cells. 
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Intranuclear inclusions or vacuoles have been produced by the use 
of various injurious agents, such as distilled water intravenously and 
salyrgan intramuscularly (Lee^®), bismuth preparations (Pappenhei- 
mer and Maechling lead (Blackman aluminum and ferric com- 
pounds (Olitsky and Harford"^), and burns (Belt”-). Some of the 
structures produced by these agents had the t3TDical features of intra- 
nuclear inclusions, namely, deep acidophilic staining, halo formation, 
and margination of chromatin. The inclusion bodies produced by some 
of these agents may be related to the inclusions that arise spontane- 
ously in cells and to the vacuoles that are induced by x-rays. 

The type form of intranuclear inclusions is that which occurs in 
virus diseases. The chemical attributes and the pathogenesis of these 
structures are not known. Cowdry and Kitchen observed that in 
livers affected by yellow fever, many cells had empty and vesiculated 
nuclei. The empty nuclei were greatly enlarged, with clear, structure- 
less centers, and appeared to be somewhat similar to those induced by 
hypotonic solutions in a previous study.® The vesiculated nuclei were 
not enlarged and had one or more vesicles of small and moderate size. 
The published descriptions of the vesiculated nuclei are similar to the 
vacuolated nuclei observed in irradiated thymic tissues in the present 
study. Intranuclear inclusions, empty nuclei, and vesiculated nuclei 
occurred together in the livers of patients with yellow fever. The co- 
existence of these three nuclear changes suggests a possible relationship 
in the pathogenesis of virus-induced inclusions and the vacuoles pro- 
duced by spontaneous and induced degenerative changes. 

It would appear that early workers sometimes failed to differentiate 
between intranuclear vacuoles and inclusions. More recently, Cowdry 
and others have provided criteria for recognizing inclusions. The 
question remains whether there is any relationship between the two 
forms of nuclear degeneration. A study of inclusions and vacuoles by 
means of dark-field illumination may aid in demonstrating differences 
or similarities. 

Degenerative Changes in Irradiated Lymphocytes 

It is well known that the end-results of irradiation of lymphoid tis- 
sue are pyknosis, karyorrhexis, and karyolysis. The present work 
showed that an early or intermediate stage is the intranuclear vacuole. 
The course of events in the degeneration of a normal nucleus may be 
surmised from the dark-field observations and from examination of 
sections of an irradiated thymic gland. The hypothecated stages in 
the changes of the irradiated lymphocytic nucleus are shown in Figure 
7. This figure was drawn from sections, of a thymic gland of a rat 



THYMIC GLANDS EXPOSED TO X-RAYS 


I 06 l 


excised 3 hours after irradiation of 1000 r. Apparently the first mani- 
festation of a change in the irradiated cell (Fig. 7, B) was a de- 
crease in the staining of the central part of the nucleus and a shifting of 
the chromatin granules towards the periphery. At this stage, the nu- 
cleus had a small, lightly stained central zone and a thick ring of 
discrete chromatin granules. Later (D), there was an increase in 
the size of the central area and a decrease in the thickness of the ring, 
which now stained deeply and uniformly. The formation and growtli 
of the intranuclear vacuole were probably associated with an enlarge- 
ment of the nucleus. The continued increase in the size of the vacuole 
finally ruptured the ring of basophilic material, with the formation of 
a horseshoe-shaped mass (E and F). The outline of the nucleus 
could still be made out because of the presence of a thin, lightly stained 
nuclear wall. The contraction of the horseshoe-shaped mass produced 
first a crescent (G) and finally the small spherical pyknotic nucleus (H) . 

Summary 

Intranuclear, acidophilic vacuoles were observed in many cells of 
thymic tissue of the rat and rabbit, 3 hours after irradiation with 
1000 r. of x-rays. On dark-field examination of the suspension of the 
irradiated thymic tissue, many of the cells had single or multiple pri- 
mary vacuoles with or without vacuolar walls. Thymic tissue, 5 hours 
after irradiation, had, on histologic examination, many pyknotic and 
fragmented nuclei. Suspensions of this tissue had many cells with 
secondary vacuoles and many fragments of cells. Nonirradiated thymus 
also had a few cells with intranuclear vacuoles and pyknotic nuclei. The 
spontaneous and x-ray-induced degeneration of lymphocytes was asso- 
ciated with the formation of intranuclear vacuoles, pyknosis, and 
fragmentation. Primary intranuclear vacuoles are seen in a higher 
percentage of cells by dark-field methods than by routine histologic 
technic. 

Addendum 

Two recent publications have described nuclear structures which may be similar 
to the intranuclear vacuoles reported in this paper. Rachmilewitz and co-workers 
studied the effect of irradiation on bone marrow in tissue culture. The first sign 
of nuclear damage in er>lhroblasts and normoblasts appeared to be Ihe accumula- 
tion of the chromatin at the peripheiy of the nucleus \rith a formation of a clear 
central zone. The nucleus was thus transformed into a large, almost colorless, 
sharply outlined vesicle. Dustin made a detailed cj-lologic study of cells treated 
v-ith various mitotic poisons. In intestinal epithelial cells of animals treated 
with hydroquinone, the degeneration of the nuclei resembled pyknosis in Ijmphoid 
tissue. The th5monucleic acid was found to accumulate on the nuclear membrane 
with tlie formation of a sphere composed of acidophilic protein and ribonuclco- 
protcin. It is not definite from these publications whether the degenerative process 
witli formation of a vesicle or sphere begins as a focal or diffuse process. Dark-field 
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studies suggest that the earliest change is a focal involvement with the formation 
of a small vacuole. This rapidly enlarges and involves the entire nucleus, 
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Fig, I,. A mixture of an eosin solution and a suspension of a rat thymus removed 
3 hours after irradiation (1000 r.) in vivo. The mixture is in, a hemacytometer. 
Most of the cells are unstained, have fine granules, and are presumably viable. 
The stained cells are larger than the unstained, take a uniformly deep stain, 
and are presumably dead, X 550. 

Fig. 2. Dark-field view of cells in a suspension of a rat thjmus removed 3 hours 
after irradiation vdth 1000 r. m vivo. One cell in the upper photomicrograph 
and three cells in the lower have primary vacuoles which appear as large, round 
structures with or without a thin vacuolar wall. X 1250. 

Fig. 3. Dark-field view of cells in a suspension of a normal rat thymus. The cells 
are round and filled with fine intranuclear granules. In one cell in the lower 
picture, the nuclear wall can be seen clearly. X 1250. 

Fig. 4. Histologic . section of a rabbit thymus excised 3 hours after irradiation 
hi vivo. A few nuclei have small or large, central, unstained vacuoles sur- 
rounded by a ring or horseshoe-shaped mass of dense chromatin material. The 
section is stained by Feulgen’s method. X 710. 

Fig. 5. Dark-field view of cells in a suspension of a rat th3Tnus removed 5 hours 
after irradiation (1000 r.) in vivo. The cell on the right side of the lower field 
has a large, eccentric, secondary vacuole and a mass of bright granules. The 
upper field shows a group of small, round masses wth prominent walls and 
dark centers. These masses presumably represent fragments of nuclei which 
developed in vivo and are the result of irradiation. One cell in the lower area 
has three small, primary vacuoles. X 1250. 

Fig. 6. Sections of the th5Tnus from a normal rabbit. One cell in the upper picture 
and two cells in the lower picture have large, unstained vacuoles surrounded by 
horseshoe-shaped masses of dense chromatin material. X 1250. 

Fig. 7. Drawings of nuclei found in a section of a rat thymus removed 3 hours after 
irradiation. The nuclei are arranged to represent the assumed course of events 
in the transformation of the normal nucleus to a pyknotic one. (A) Normal 
nucleus with fine granules. (B) Nucleus vdth small, central vacuole surrounded 
by a thick ring of finely granular, nuclear material. (C) and (D) Nuclei with 
large vacuoles surrounded by a thin ring of dense, structureless, basophilic 
material. (E) Rupture of basophilic ring with the formation of a large 
intranuclear vacuole surrounded by a horseshoe-shaped mass of basophilic 
material. The nuclear wall persists between the legs of the horseshoe-shaped 
mass. (F) and (G) Contraction of the chromatin material wath the formation 
of a crescentic basophilic mass. The nudear wall still persists. (H) Pyknotic 
nucleus with dense homogenous basophilic material. 
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BASIC PATTERNS IN TERATOID TUMORS OF THE TESTIS * 

Henry D. Moon, M.D., and R. L. Huixinghorsx, Lt. Col., M.C., U.S. Army 

{From the Depdrtwent of Pathology, University of Calif ornia, Medical School, 
Veterans’ Administration Hospital a^t-d the Letterman General Hospital, 

San Francisco, Calif.) 

A series of 125 tumors of the testis was studied. Teratoid tumors 
comprised over 96 per cent (12 1 tumors) of these cases; the remain- 
der consisted of one interstitial cell tumor, one mesothelial sarcoma 
of the tunicae testis, and 2 unclassified tumors. The teratoid tumors 
were analyzed according to basic histologic patterns. An attempt was 
made to correlate these patterns with the age incidence, hormonal 
activity, and mortality. 

Included in the teratoid tumors are those commonly designated as 
seminomas, teratomas, embryonal adenocarcinomas, embryonal carci- 
' nomas, and chorio-epitheliomas. 

Histologic Patterns 

Numerous preliminary surveys of all of the teratoid tumors revealed 
only three fundamentally distinct patterns. These were seminoma, 
teratoma, and carcinoma. Although deviations occurred in some of the 
tumors, these were considered to be of minor significance. 

Seminoma Pattern 

The tumor cells in the seminoma pattern were round or polyhedral 
and moderately large, although somewhat variable in size. The cyto- 
plasm was abundant, and pale or clear in most instances. The nuclei 
were quite large, rarely multiple, had prominent nuclear membranes, 
and showed chromatin filaments arranged in a crosshatch pattern. 
The chromatin filaments often were concentrated toward the center 
of the nucleus. Mitotic figures were moderately numerous. The tumor 
cells usually were arranged in compact masses separated by fibrous 
connective tissue septa. There was infiltration of the fibrous septa by 
lymphocytes, occasionally plasma cells, and rarely multinuclear giant 
cells of the foreign body type. The degree of infiltration by these cells 
varied greatly from tumor to tumor and no line of distinction could be 
drawn between ^^seminoma with lymphoid stroma” and ^^seminoma 
without lymphoid stroma.” Adjacent to the tumor, the seminiferous 
tubules showed varying degrees of atrophy. In some instances the 
seminiferous tubules were filled with large cells with clear cytoplasm 
closely resembling those of the tumor. 

Presented at the Fourth International Cancer Research Congress, St. Louis, July 6, 
Received for publication, September 23, 1947. ^ ' 
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Tumors of this pattern were apt to replace extensively the testicular 
parenchyma as a single lobulated mass; occasionally there were small 
satellite nodules. These tumors showed little tendency to invade the 
epididymis. Areas of necrosis often were present, and were generally 
more extensive in the larger tumors. 

Carcinoma Pattern 

The carcinoma pattern includes the types which have been called 
“embryonal adenocarcinoma” and “chorio-epithelioma.” There was a 
great tendency for tlie embryonal adenocarcinoma and chorio-epitlieli- 
oma patterns to merge. This tendency, together with the similarit}'^ in 
hormonal activity, makes it seem very likely that these two variants 
are histogenetically identical and that both arise from the chorionic 
plate or its derivatives. 

The embryonal adenocarcinoma variant was characterized by cells 
arranged in papillary or reticular formations, small compact groups, 
and perithelial clusters. Small areas of central necrosis were frequent. 
The tumor cells were quite variable in size but generally were larger 
than those in the seminoma pattern. The cell outlines usually were 
quite distinct. The cytoplasm varied from clear to eosinophilic and 
granular. The nuclei were large, with heavy nuclear membranes, and 
frequently were distorted and irregular; the chromatin often was 
clumped. A single, prominent, large, eosinophilic nucleolus was pres- 
ent. Mitotic figures were numerous. In many of these tumors there 
were focal areas showing large multinuclear giant cells (syncytial 
trophoblasts) , in juxtaposition to smaller cells with hyperchromatic 
nuclei and. pale cytoplasm (cytotrophoblasts). In some instances the 
multinuclear tumor cells were small and had pyknotic nuclei. 

The chorio-epithelioma variant was characterized by masses of 
cytotrophoblasts and multinuclear giant syncytial cells. Occasionally, 
structures resembling placental villi were present. Active invasion and 
destruction of surrounding tissue were characteristic. Vascular inva- 
sion often was seen. Necrosis and hemorrhage occurred frequently in 
these tumors, and in many instances chorio-epitheliomatous elements 
surrounded the area of hemorrhage. 

Teratoma Pattern 

The teratoma pattern showed a wide range of variation from very 
immature embryonic structures to adult structures. At one extreme 
there were numerous, primitive organoid structures of epithelium and 
mesenchyme; at the opposite extreme there were easily recognizable, 
well differentiated structures such as intestinal mucosa, keratinizing 
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squamous epithelium, cartilage, and muscle. In some of the tumors 
of the teratoma pattern, structures of various developmental stages 
occurred together. In other tumors one element might tend to overgrow 
all others. Occasionally, the epithelial elements showed a tendency to 
dominate the picture, so that it was difficult to differentiate these areas 
from the carcinoma pattern. In still other tumors there were areas 
which appeared to be histologically malignant supporting tissue, e.g., 
myosarcoma. No attempt was made to divide the tumors of teratoma 
pattern into those showing histologic malignancy and those showing 
histologic benignity. In our series no metastasis of only a smgle dif- 



Text-Figure i. Incidence and overlapping of basic patterns in teratoid tumors of the 
testis. 

- ferentiated tissue, such as muscle, bone, or skin, occurred; the meta- 
static lesions which contained tissues of the embryo proper showed the 
presence of differentiated tissue of more than one type. 

INCIDENCE AND OVERLAPPING OF BASIC PATTERNS 

In the group of teratoid tumors of the testis, the three patterns of 
seminoma, teratoma, and carcinoma were encountered with approxi- 
mately equal frequency. The seminoma pattern was encountered in 
55, the teratoma pattern in 55, and the carcinoma pattern in 61 tumors, 
in 75 tumors a single pattern was present, and these tumors are those 
subsequently referred to as “pure.” There were 44 pure seminomas 
13 pure teratomas, and 18 pure carcinomas. In 46 tumors various 
combinations of the three basic patterns were present (Text-Fig i) 
The teratoma-carcinoma combination was the one most frequentlv 
observed, and this was seen in 35 cases. The seminoma-teratoma com- 
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bination occurred in 3 cases, the seminoma-carcinoma combination 
occurred in 4 cases, and the seminoma-teratoma-carcinoma combina- 
tion occurred in 4 cases. The confusing complexity of these tumors is 
due to a large extent to this tendency for more than one pattern to 
occur in the same tumor {i.e., overlapping of patterns). It was felt 
desirable for the purposes of this study to designate a mixed or “im- 
pure” tumor by the particular patterns present. 

AGE INCIDENCE 

The ages of the patients ranged from i )4 to 53 years. The mean 
age for the entire group was 29.0 years. Over 80 per cent of these 



Text-Figure 2. Age distribution of 113 teratoid tumors of the testis. 


tumors occurred between the ages of 20 and 35 years. Text-Figure 2 
shows the distribution of the teratoid tumors by age groups. 

The age incidence of the tumors was studied with reference to the 
three basic patterns. The mean age of the pure seminomas was foimd 
to be slightly older than the mean age for all of the other teratoid 
tumors of the testis (Text-Fig. 3 and Table I), However, this differ- 
ence was not found to be statistically significant. No significant differ- 
ences could be demonstrated in the tumors of teratoma and carcinoma 

i 

patterns. 

HORMONAL ACTIVITY 

The excretion of chorionic gonadotropin in the urine of many pa- 
tients with teratoma testis is well known.’^'® The production of inter- 
stitial cell hypertrophy and hyperplasia in laboratory animals by 
administration of chorionic gonadotropin is also well established.^’® 
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Hyperplasia of the interstitial cells of the testis has been noted also 
in many of our cases of teratoid tumor of the testis. 

It was thought that it would be of interest to correlate the h3^er- 
plasia of interstitial cells with the basic tumor patterns of teratoid 
tumors. This phase of the study was limited to those cases in which 
there was sufficient testicular tissue remaining to permit an evaluation 
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Text-Figure 3. Distribution of pure seminoma and nonseminomatous teratoid tumors 
of the testis according to age. 

of the status of the interstitial cells. The nature of the material did 
not allow a quantitative analysis. For this reason, emphasis was laid on 
the size of the individual interstitial cells and on the size of the groups 
of interstitial cells. We feel that the qualitative differences which were 
observed are significant because there was no correlation between the 
amount of testicular parenchyma replaced and the degree of interstitial 
cell hypertrophy and hyperplasia, indicating that this is not a com- 
pensatory hypertrophy. 

Of 72 tumors studied, there were 41 tumors (56.9 per cent) which 
were associated with interstitial cell hj^pertrophy and hyperplasia. The 


Table I 

Statistical Comparison oj Seminomas and Nonseminomas 
in Respect to Age of Patients 



No. of cases 

Range 

Mean 

Pure seminoma 

40 

years \ 

21-53 

years 

3I-35 + 7.I 

Teratoid tumors exclusive of those with 
seminoma element 

63 

I-S3 

27.74 + 7.9 
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status of the interstitial cells was determined for each of the three basic 
patterns regardless of the presence of other patterns in the same tumor. 
The results of this analysis are presented in Text-Figure 4. Then the 
status of the interstitial cells was determined for each of the three 


Hyperplastic BBB 
Not hyperplostic r I 


40 



Seminoma Teratoma Corcinomo 

pattern pottcrn pattern 


Text-Figure 4. Hyperplasia of interstitial cells in teratoid tumors according to pattern 
(including mixtures of impure tumors). 



Text-Figure S. Hyperplasia of interstitial cells in teratoid tumors ■ndth pure patterns. 

basic patterns, excluding all cases which showed more than one pattern; 
in other words, only the pure tumors were included. The results are 
shown in Text-Figure 5. 

The Friedman test ® was performed on 42 cases prior to orchiectomy. 
A positive reaction was obtained in 13 cases (30*9 cent), and a 
negative reaction in 29 cases (69.1 per cent). In 10 cases with a 
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negative Friedman reaction there was hypertrophy and hyperplasia of 
the interstitial cells. There was ho instance in which there was a 
positive Friedman test and absence of stimulation of the interstitial 
tissue. Observations on the interstitial tissue and the Friedman reac- 
tions are summarized in Table II. 


Table II 

State of the Interstitial Tissue and Results of Friedman 
Tests in Respect to Basic Types 



Interstitial tissue 

j Friedman test 

Hyperplastic 

Not hyperplastic 

Positive j 

Negative 

Pure seminoma 

8 

20 

0 

12 

Pure teratoma 

0 

8 

0 

I 

Pure carcinoma 

II 

0 

5 

5 

Seminoma-teratoma 

I 

I : 

0 

2 

Seminoma-carcinoma 

3 

0 

0 

I 

Teratoma-carcinoma 

IS 

2 

8 

7 

Seminoma-teratoma-carcinoma 

3 

0 

j 

0 

I 


MORTALITY 

There have been 26 known deaths in this group. All but 2 have 
occurred within 2 > 4 . years after the tumor was discovered. In 3 cases 
the presenting symptoms were those due to metastases, and in one 
case the testicular tumor was found only at autopsy. In the 26 fatal 
cases the seminoma pattern occurred 3 times, the teratoma pattern 14 
times, and the carcinoma pattern 2 1 times. The marked tendency of 
the teratoma and carcinoma patterns to occur in the same tumor again 
was noted, and in ii of the fatal cases this combination was present. 
Only 2 deaths occurred in the pure seminoma group and 2 deaths in 
the pure teratoma group, whereas 10 deaths occurred in the pure 
carcinoma group. The results show that the carcinoma pattern has a 
much poorer prognosis (Text-Fig. 6). 

There have been no deaths reported in our series in patients in whom 
interstitial cell hyperplasia was absent. There were 9 deaths in cases 
in which the available pathologic material did not allow an evaluation 
of the status of the interstitial tissue. Thus, on the basis of follow-up 
studies to date, absence of interstitial cell hyperplasia should be re- 
garded as a favorable prognostic sign. On the other hand, 4 deaths have 
occurred in cases with a negative preoperative Friedman test. 


J-^ISCUSSION 


The seminoma pattern showed relatively slight tendency to occu 
in conjunction with other patterns. On the other hand, the combinatio 
of teratoma and carcinoma patterns in the same tumor was encouii 
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tered frequently. This latter finding supports the concept that the tera- 
toma and carcinoma patterns are the result of differentiation of a pluri- 
potent tumor cell into tissues of two types: those corresponding to the 
embryo proper (teratoma), and those corresponding to the derivatives 
of the chorionic plate (carcinoma) . The occurrence of both teratoma- 
tous and carcinomatous elements in the same metastatic lesion suggests 
that the malignant cell is sufficiently undifferentiated and pluripotent to 
allow differentiation into these various elements after localization in the 
secondary site. We believe that the pure teratomas and pure carci- 
nomas represent a unilateral development of a pluripotent cell. 



Text-Figure 6, Distribution of deaths according to pattern. 


In some instances within the teratoma group there was marked dis- 
orientation and proliferation of neurogenic, epithelial, or mesenchymal 
elements, suggesting malignant proliferation of only one element in a 
teratoma. However, no instance was found in which there was metas- 
tasis of only one type. Invariably, metastasis in such tumors consisted 
of teratoid tissue of more than one type, and usually included tissue 
showing the typical carcinoma pattern. For this reason, no attempt 
was made to designate a single element of a teratoma as being malig- 
nant, such as “rhabdomyosarcoma in a teratoma.” 

A close correlation between interstitial cell hyperplasia and the 
carcmoma pattern was noted; in all tumors with the carcinoma pattern 
in which the interstitial cells could be studied, hyperplasia was found. 
In no instance was absence of hyperplasia noted with a positive pre- 
operative Friedman test. The remarkably close correlation of inter- 
stitial cell hypertrophy and h5q)erplasia with the carcinoma pattern, 
even in cases showing a negative Friedman reaction, would suggest 
that this finding may be used as an indication that tumor of the carci- 
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noma pattern, is present. The occurrence of interstitial cell hyper- 
trophy and hyperplasia in 28 per cent of the cases classed as pure 
seminoma suggests the presence of carcinoma patterns in these cases 
even though not demonstrated in the histologic sections. In 2 such cases 
examination of additional material resulted in the demonstration of 
carcinoma elements. 

Summary 

In a series of 125 tumors of the testis, 96 per cent were found to 
be teratoid tumors. 

Only three fundamentally distinct patterns, namely, seminoma, tera- 
toma, and carcinoma, could be demonstrated consistently in the group 
of teratoid tumors. In 75 tumors only one pattern was present, where- 
as in 46 tumors there was more than one pattern. 

The mean age for the entire group of patients with teratoid tumors 
was 29.0 years. The mean age for those with seminomas was 31.35 
years; the mean age was 27.74 years for those with nonseminomatous 
tumors. This difference is not statistically significant. 

Hypertrophy and hj^erplasia of the interstitial cells of the testis 
were found to be very closely correlated with the carcinoma 'pattern. 

In the known deaths which occurred in these cases, the carcinoma 
pattern was present much more frequently than the other two patterns. 
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DESCRIPTION OF PLATES 
Plate 173 

Fig. I. Teratoid tumor of the testis of the seminoma pattern. X 50. 

Fig. 2. Teratoid tumor of the testis of the seminoma pattern. X 100. 

Fig. 3. Teratoid tumor of the testis of the seminoma pattern. X 50. 

Fig. 4. Teratoid tumor of the testis of the seminoma pattern. X 100. 
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Plate i 74 

Fig. 5. Teratoid tumor of the testis of the carcinoma pattern (adenocarcinoma 
variant). X 50. 

Fig. 6. Teratoid tumor of the testis of the carcinoma pattern. X 50. 

Fig. 7. Teratoid tumor of the testis of the carcinoma pattern (chorio-epitheliorna 
variant). X 100. 

Fig. 8. Hyperplasia of interstitial cells associated vith a tumor of the carcinoma 
pattern. X 50. 
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Plate 175 


Fig. 9. Testicular tumor of the teratoma pattern (embryonal variant). X 50. 

Fig. 10. Testicular tumor of the teratoma pattern (adult variant). X 50. 

Fig. II. Combined seminoma and carcinoma patterns. X 100. 

Fig. 12. Combined teratoma and carcinoma patterns. Both the adenocarcinoma 
and chorio-epithelioma variants are present. X 50. 
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PULMONARY ADY-NOMATOSIS 
A Report of Th^e Cases * 

George W. Drymalski, M.D,, J, Robert Thompson, M.D., and Henry C. Sweany, M.D. 

{From the Research Laboratories of the Municipal Ttiberculosis Sanitarijim, 

Chicago, III.) 

Helly,^ in 1907, described a multiple, nodular, bilateral tumor of the 
lungs in a woman, 43 years of age. Because of the preservation of the 
alveolar septa which were lined with cylindric cells and the absence of 
metastases, he termed the growth an adenoma, as distinguished from 
an alveolar cell carcinoma. 

Of considerable current interest, pulmonary adenomatosis is not 
without curious and speculative features. Since Helly’s report, 12 
cases have been described in the literature 6 of these have been 
reported within the past several years. The renewed interest in the 
subject perhaps has been stimulated by Bonne’s ^ observations on the 
morphologic resemblance of pulmonary adenomatosis in sheep (jaag- 
siekte) to certain cases of pulmonary cancer in man. 

Epizootic pulmonary adenomatosis of sheep is of global distribution. 
In 1915 Mitchell extensively described the condition, and in 1938 
DungaP^ reported an epidemic in Iceland. The usually fatal ovine 
disease, the lesions of which resemble pulmonary lesions found in 
sheep suffering from sheep-pox, consists of a certain amount of inter- 
stitial fibrosis and a tumor-like proliferation of pulmonary epithelium. 
It has in common with human pulmonary adenomatosis multicentricity, 
columnar nonciliated cells, absence of stromal invasion, and infrequent 
mitotic figures.^” No specific agent has been proved to be the cause of 
the disease, but many investigators have suspected that a virus 
is the inciting and responsible facfor. Transmission of the disease is 
affected easily by housing healthy sheep with diseased sheep. However, 
experimental infection has been generally unsuccessful; in only one 
instance was the condition reproduced in a sheep by an intrapulmonary 
injection of a tissue suspension.^^ Efforts to isolate a virus from a 
human specimen of pulmonary adenomatosis were Viot successful.® On 
the other hand, Grumbach found diffuse alveolar epithelization after 
inoculating a guinea-pig with a diphtheroid bacillus obtained from a 
lymph node of a patient with Hodgkin’s disease. Subcutaneous injec- 
tion of I, 2, 5, 6-dibenzanthracene into mice produced multiple malig- 
nant tumors of alveolar origin.^”^ Norris injected fluid aspirated from 
a patient with lobar pneumonia into a guinea-pig. One lung of the 
guinea-pig subsequently contained lesions resembling those of jaag- 

* Received for publication, October 20, 1947. 
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siekte in sheep. In various spontaneous pathologic conditions of the 
lung, epithelium-like lining cells are found along the alveolar walls,"' 
and it has been suggested that the difference between simple localized 
hyperplasia or metaplasia and adenomatosis may be more apparent 
than real.® 

The evidence seems to indicate that pulmonary adenomatosis is a 
specific response to certain nonspecific irritants. This hyperplastic 
response eventually causes death by extensive involvement of lung 
parenchyma or by progressing into a true malignancy. 

The gross pathology of pulmonary adenomatosis usually resembles 
pneumonia in gray hepatization. Occasionally mucus can be scraped 
from the cut surface. Nodular consolidated areas, which have been 
compared to noncaseating miliary tuberculosis, have been described. 
A primary bronchial focus has never been demonstrated. Nonciliated 
cuboidal or columnar cells, lining otherwise unaffected alveolar walls, 
characterize the microscopic changes. The cytoplasm of these cells is 
eosinophilic, granular, or somewhat foamy. Goblet formation and a 
brush border may be noted. The nuclei are usually basally or sub- 
centrally located; nucleoli may be prominent and the chromatin is 
coarse. In general, the cells are uniform and mitotic figures are un- 
common. The alveolar septa are not involved or show only slight 
thickening; absence of invasion is a feature of the disease. The alve- 
olar spaces contain desquamated cells, occasional phagocytes, and a 
variable amount of exudate and mucus. Bronchopneumonia often ob- 
scures the significant features of the condition. 

With microscopic features identical with those of the so-called 
alveolar cell carcinoma, pulmonary adenomatosis differs from carci- 
noma by virtue of its presumably nonmetastasizing nature. However, 
of the 12 previously reported cases of adenomatosis, 2 showed meta- 
static lesions.'*’ ^ In one of the cases presented in this study malignant 
proliferation was noted (Fig. 6). Metastasis has occurred in jaagsiekte 
of sheep. There is no reason to assume that pulmonary adenoma- 
tosis is forever a benign growth, and it is possible that pneumonia, 
which usually complicates the disease, may cause death before 
metastasis can develop.** It is likely that adenomatosis of the lungs 
is a relatively benign variant of the so-called alveolar cell carcinoma 
and is potentially capable of developing all of the characteristics of 
malignancy. We feel relatively certain that a case of so-called alveolar 
cell carcinoma previously reported from this laboratory was actually a 
case of pulmonary adenomatosis.^® Of academic interest and of great 
controversy is the cellular origin of these tumors. Theoretically, the 
cells may be derived from bronchiolar or alveolar epithelium. Loosli 
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and others have maintained that no true alveolar lining exists and 
that the capillaries are contained in a ground substance with infrequent 
cells of mesenchymal origin. Other workers believed that the alve- 
oli have a continuous epithelial lining. Because of the decided epi- 
thelial nature of the adenomatous cells and, more particularly, the 
absence of cilia, either the lining cells of the alveoli or the lining cells 
of the terminal bronchioles are the cells of origin of these tumors. Since 
the number of those who deny the existence of alveolar epithelium is 
increasing because of inability to demonstrate the cells, the possi- 
bility of a bronchiolar origin probably should be given preferential 
consideration. In one of the cases presented in this report (Figs. 2 
and 3), several terminal bronchioles with normal epithelium that 
abruptly shifted to columnar adenomatous cells were seen. 

It is unfortunate that there are no signs or symptorhs pathog- 
nomonic of pulmonary adenomatosis. Radiologically, the condition 
simulates tuberculosis, carcinoma, or pneumonia. The patients give 
no history of exposure to sheep. Dyspnea and a cough productive of 
mucoid sputum are prominent inaugural symptoms. Statistics on bron- 
chogenic carcinoma show a ratio of 3 men to i woman; in the so-called 
alveolar cell carcinoma the ratio is i : i. In the collected cases of pulmo- 
nary adenomatosis, including those reported here, there were 9 women 
and 6 men. Their average age was almost 54 years. The duration of the 
disease has varied from several weeks to over 2 years. The incidence 
of pulmonary adenomatosis in our series of 57 cases of lung carcinoma 
is 5 per cent. Neubuerger and Geever also estimated the incidence 
of alveolar cell carcinoma as 5 per cent. 

Report of Cases 
Case I 

H. D., an unmarried woman of Polish ancestry, 34 years old, had lived in Chicago 
all of her life. She had been a hospital attendant for 10 years and there was some 
contact with tuberculous patients. Admitted to the Municipal Tuberculosis Sani- 
tarium on July I, 1946, her symptoms consisted of a nonproductive cough and a 
weight loss of 4 lb. A routine roentgenogram of the chest a few months previously 
had disclosed a 3 cm. cavity in the right lower lobe. Her general health was good. 

On physical examination, abnormal findings were limited to the chest. There 
was slightly impaired expansion vdth harsh breath sounds in the right lower lobe 
anteriorly. The vital capacity was 2600 cc. There was no fever. A bronchogram 
revealed no abnormalities. The Mantoux test was positive, and all sputum examina- 
tions were negative for tubercle bacilli. Staphylococci were cultured from the 
sputum; there was no anaerobic growth. The red blood cell count was 4.2 million 
the hemoglobin was 69 per cent. The white blood cell count was 4,900 with 46 
per cent polymorphonuclear leukocytes, 39 per cent Ijmiphocytes, and 14 per cent 
monocytes. Kahn test of the blood was negative, and the urinalysis was normal 
Bronchoscopy was negative except for signs of chronic suppuration of the richt 

lowp.r lnnp_ ® 
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The patient was given i million units of penicillin. There was some clearing of 
the soft infiltrate about the cavity wall as determined rocntgcnologically. She was 
discharged on October 30, 1946, with a diagnosis of cavity of the right lower lobe 
of undetermined origin. 

On January 9, 1947, a roentgenogram of the chest showed no changes in 
comparison with previous films. 

On June 3, 1947, the patient was readmitted. During March and April she had 
suffered tw’o attacks of bronchopneumonia with a fever up to 105“ F., hemoptysis, 
and severe pain over the right lower chest. On examination there was increased 
vocal fremitus over the right lower lobe with dullness, bronchial breathing, and 
amphoric breath sounds posteriorly. Some consonating rales were heard in this 
area. A roentgenogram showed consolidation and atelectasis of the right lower 
lobe. Total blood protein was 8,5 gm., and the white blood cell count was 6,200 
with 64 per cent polymorphonuclear leukocytes. Other laboratory findings were 
unchanged from those of the previous admission. 

A lobectomy was performed by Dr. Richard Davison on June 19, 1947. The 
preoperative diagnosis was chronic lung abscess with pneumonitis and bronchiec- 
tasis. The postoperative course was xmeventful. 

On gross examination, the right lower lobe of the long was firm 
throughout. There were a few thin, fibrous tags on the pleural surface. 
On section, the parenchyma was uniformly solid and resembled the 
gray hepatized stage of pneumonia. There was no mucous exudate. At 
the apex of the lobe was a small (2 cm.), irregular cavity with ragged 
walls and an absence of exudate. Microscopically, there were tall, 
thick, nonciliated columnar cells which lined the alveolar walls. The 
cytoplasm was eosinophilic and slightly granular. The nuclei were 
regular in size and basally situated. Mitotic figures were uncommon. 
Papillary formation was noted frequently and the alveoli contained a 
few desquamated columnar cells, occasional polymorphonuclear leuko- 
cytes, and a slight amount of mucus. In the area of ulceration there 
was marked fibrous hyperplasia with degeneration of the adenomatous 
cells. Elsewhere the alveolar septa were intact. A bronchiole showed 
transformation of the normal mucosa to tall-columnar nonciliated cells 
(Fig. 2 ). No tumor cells were evident in the pleura, the lymph spaces, 
or in the blood vessels. The bronchial lymph nodes were not dissected 
at the operation. 

Case 2 

N. D., a white woman, 55 years of age, developed a mild cough in August, 1939- 
Pulmonary tuberculosis was diagnosed by her private physician after roentgenologic 
examination of the chest. She entered the Municipal Tuberculosis Sanitarium in 
December, 1939, complaining of a cough and a small amount of sputum which 
was occasionally streaked by blood. Fatigue and weakness were noted. 

On physical examination the patient was found to be in good general conchtion. 
The blood pressure was 160/ too mm. Hg. Expansion of the chest was limited and 
resonance was impaired throughout the right upper one-third and throughoik the 
entire left hemithorax. Coarse breath sounds with scattered moist rales were heard 
in these areas. A roentgenogram revealed areas of marked haziness in both lungs, 
most prdnounced in the right. The cardiac shadow was displaced to the left. 

All sputum examinations were negative for tubercle bacilli. Streptococcus 
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virtdqm was cultured from the sputum. The hemoglobin was 85 per cent; white 
blood celT count, 9,250 with 66 per cent neutrophils. The sedimentation rate was 
6 mm. in 30 minutes (Cutler), The Mantoux test was positive and Kahn test of 
the blood was negative. The urinalysis gave normal findings. A sputum section on 
January 14, 1940, showed many epithelial cells which were single or in small 
groups. These cells were ovoid with round, vesicular nuclei and eosinophilic 
cytoplasm. Some nuclei were hyperchromatic. The diagnosis was pulmonary 
carcinoma. An aspiration biopsy of the lung a few days later was diagnosed as 
squamous cell carcinoma. 

The patient became progressively more dyspneic and weaker. Death occurred 
on February 16, 1940. 

Autopsy was performed 9 hours after death; permission was granted 
to remove only the lungs. A thin deposit of fibrin covered each lung 
and there were multiple adhesions throughout. Moderately distended 
and slightly anthracotic, both lungs on section contained several firm, 
dull gray areas in the mid-zones. Round, rather sharply defined and 
occasionally confluent, these lesions were similar in appearance to gray 
pneumonic hepatization. In the right base a firm gray nodule was found 
beneath the pleura. Except for edema the remaining lung fields were 
uninvolved. A frothy fluid filled the bronchi. The hilar lymph nodes 
were of normal size and contained no tumor metastases. 

Microscopically, the septa were lined by high, nonciliated columnar 
cells with abundant eosinophilic cytoplasm and an occasional brush 
border. The nuclei were oval, situated basally, uniform in size, and 
somewhat vesicular. Papillary formation was pronounced, but mitotic 
figures were infrequent. There was slight thickening of the alveolar 
septa. Disseminated throughout was an acute necrotizing broncho- 
pneumonia with marked inflammatory exudation and infiltration. A 
fibrinous pleuritis was extensive. Attended by necrosis, organization 
and early fibrosis, the adenomatous cells in one small area had lost all 
attributes of differentiation (Fig. 6). Anaplastic, invasive, and 
destructive, the tumor cells were irregular in size and shape and mitotic 
figures were common. The anatomic diagnosis was pulmonary ade- 
nomatosis with malignant degeneration. 

Case 3 

C. Z., a white housewife, 45 years old, was admitted to the sanitarium on 
October 2, 1934. Two years previously she had suffered an attack of influenza of 
3 weeks’ duration w'hich left her fatigued. After the discovery of tubercle bacilli 
in the sputum and roentgenologic evidence of a pulmonary lesion, pneumothorax 
■was established in May, 1933. Because of progressively severe dyspnea, the 
pneumothorax was discontinued after i year. In August, 1934, she suffered a 
pulmonary hemorrhage of 10 oz. Since the onset of her illness there had been an 
intermittent cough which was usually nonproductive. Weight loss w'as 25 lb. Her 
appetite was poor and her strength was failing. 

Physical examination revealed a woman in fair general condition The fingers 
were clubbed. The blood pressure was 112/70 mm. Hg. Chest expansion was 
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impaired bilaterally and vocal fremitus was increased over the right base. Through- 
out the right cliest and over the lower one-half of the left, resonance was impaired. 
Breath sounds were harsh in these areas. Posttussive rales were heard throughout 
the right lung. Roentgenograms showed marked hazy infiltration of the right lung 
and of the middle field of the left lung. Bronchoscopy and esophagoscopy revealed 
no abnormalities. The red cell count was 4.2 million with 70 per cent hemoglobin. 
The white blood cell count was 10,600 with 85 per cent polymorphonuclear leuko- 
cytes. Kahn test of the blood was negative. No malignant cells were found in a 
sputum section and repeated sputum examinations were negative for tubercle 
bacilli. The urinalysis was negative. 

In spite of bed rest the dyspnea continued. The diagnosis w'as far advanced 
tuberculosis, although bronchogenic carcinoma was considered. The patient died 
on March 8, 1935- 

Autopsy was performed 6 hours after death. The right pleural space 
was completely obliterated by fibrous adhesions which were most 
marked in the right upper lobe. The entire right lung was consolidated 
and on section was gray and hepatized. In the left lung a similar 
lesion fanned out from the hilum and reached the pleura laterally and 
the base posteriorly. The bronchi and pulmonary lymph nodes were 
normal. Other autopsy findings were not related to the pulmonary 
disease. 

Microscopically, much of the lung tissue was replaced by areas of 
large, irregular, branched alveoli which were lined by cuboidal cells 
(Fig. 4). The nuclei of these cells were round, basophilic, and some- 
times hyperchromatic. The cytoplasm was eosinophilic. While occa- 
sional columnar cells were seen, there was little papillary formation. 
Mitotic figures were rare. The interstitial tissue was much thickened 
by loose connective tissue and there was much proliferation of lymph 
vessels. There was no necrosis and the pleura was not infiltrated. An 
old encapsulated caseous lesion without signs of perifocal inflammation 
was found. 

Summary 

Three cases of pulmonary adenomatosis are presented in this report. 
Case X is the second recorded surgical specimen of this condition and 
indicates a possible bronchogenic origin for the disease. Case 2 illus- 
trates malignant proliferation of the cells of the adenomatous process. 
The cuboidal epithelium lining the air sacs and the loss of normal 
pulmonary architecture in case 3 represent an unusual variety of ade- 
nomatosis of the lung. 

Representing about 5 per cent of all pulmonary tumors, adenomato- 
sis of the lungs resembles the so-called alveolar cell carcinoma in all 
respects. 

Probably the result of nonspecific irritation, the hyperplastic re- 
action of pulmonary adenomatosis is aggressive and may develop all 
the characteristics of malignancy. 
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There are no distinguishing clinical features of pulmonary adenoma- 
tosis. The average age of the patient is about 54 years, and the ratio 
of women to men is 3:2. The course of the disease varies from several 
weeks to 2 years. 
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DESCRIPTION OF PLATES 


Plate 176 

Fig. I. Case i. Photograph of the right lower lobe showing ragged ulceration and 
gray consolidation. 

Figs. 2 and 3. Case i. Photomicrographs showing abrupt transformation of bron- 
chiolar epithelium to nonciliated columnar cells and adenomatous cells lining 
the unaffected alveolar walls. X 300 and X 150. 
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Plate i-j’] 


Fig. 4. Case 3. Photomicrograph showing cuboidal cells lining the air spaces and 
interstitial fibrosis. X 300. 


Figs. 5 and 6. 
pneumonic 
same lung. 


Case 2. Photomicrographs showing columnar cells together with 
exudate and the focus of malignant proliferation found in the 
X 150 and X 300. 
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ATYPICAL AMYLOID DISEASE, WITH OBSERVATIONS ' 

ON A NEW SILVER STAIN FOR AMYLOID * 

Lester S. Kmc, M.D. 

{Ffom the Laboratory of the Illinois Masonic Hospital, and the Department of 
Pathology, University of Illmois College of Medicine, Chicago, III.) 

There has been no general agreement on the classification of amyloid 
disease. Not only is there a bewildering array of names, such as pri- 
mary, secondary, atypical, local, systemic, tumor-forming, and par- 
amyloidosis, but there is no uniformity in regard to the meaning or 
scope of these terms. One of the most interesting manifestations of the 
disease has been described as primary amyloidosis, a term especially 
popular in the American literature, indicative of no known cause or 
pre-existing disease which might be held responsible for the amyloid 
deposition. The two most complete reviews of the subject are the 
papers of Koletsky and Stecher^ and, more recently, of Lindsay.^ 
Koletsky and Stecher listed 22 cases, as of 1939, while Lindsay in 1946 
found 45. Several other reports are mentioned by Lindsay but not 
considered acceptable by him. In the absence of satisfactory criteria, it 
may be stated that approximately 50 cases are described in the litera- 
ture. 

The purpose of the present commimication is threefold: To present 
6 cases of unusual amyloid disease, 5 of which appear similar to the 
rare primary form; to describe a new silver stain for amyloid; and to 
analyze the confusing nomenclature and terminology, and suggest a 
new classification. 

Report of Cases 


(Case I is from the Fairfield State Hospital, Newtown, Connecticut, 
obtained through the courtesy of Dr. W. F. Green, Superintendent. 
The other 5 cases are from the Illinois Masonic Hospital, Chicago, 
Illinois.) 

Case I 


The patient was a white male, 88 years old. He was a pauper, brought to the 
Fairfield State Hospital showing marked mental deterioration in all spheres. The 
heart sounds were of poor quality, and severe peripheral vascular sclerosis was 
present. The blood pressure was 140/70 mm. Hg. Moderate tremor of hands and 
feet was noted. Physical examination was otherwise negative. The psychiatric 
diagnosis was psychosis with cerebral arteriosclerosis. Laboratory data showed 
negative serologic findings, a red blood cell count of 4,400,000; 81 per cent hemo- 
globin, and a white blood cell count from 8,600 to 16,400, with a normal differen- 
tial, The urine revealed occasional casts and a i plus albumin, otherwise negative 
The nonprotein nitrogen of the blood was 28 mg. per cent. The patient succumbed 
to bronchopneumonia 3^2 months after admission. 


* Received for publication, October 21, 1947. 

Presented at the Forty-Fifth .^nual Meeting of The American 
Pathologists and Bacteriologists, Philadelphia, March 12, 194S 
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The final pathologic diagnoses were: Senility; senile plaques in 
brain; fibrosis of spleen, pancreas, and testes; brown atrophy of liver; 
amyloid in heart; bronchopneumonia; fibrinous pleuritis; acute passive 
congestion of liver; fibrous perisplenitis; accessory spleen. 

The heart weighed 350 gm. Slight calcification was present at the 
bases of the aortic cusps, but the free margins were delicate. No gross 
scarring was observable. The coronary arteries, although tortuous, 
revealed only mild atheromatous deposits. The aorta was the seat of 
only slight atheroma. Arteriosclerosis was not considered as a signifi- 
cant part of the disease picture. The microscopic examination of the 
heart is discussed later. No amyloid was noted in any other organ. 
The other diagnoses need no comment. 

Case 2 

An 83-year-old man was admitted in a somewhat disoriented condition with a 
history of urinary diflSculty, consisting of nocturia, difficulty in starting the stream, 
and dribbling, of uncertain duration. On physical examination the significant find- 
ings were some increased resonance in both lungs, moderate kyphosis, and scat- 
tered rales in the right lung. The heart was moderately enlarged to percussion, 
and a soft systolic murmur was present at the apex. The prostate was enlarged, 
S3mmetric, firm, nontender, and smooth. The blood pressure was 140/ 80 mm. Hg. 
Slight pitting edema of the lower extremities was present. Urine showed 3 plus 
albinnin, no sugar, and many pus cells. The red blood coimt was 3,620,000, 
with but 38 per cent hemoglobin; the white blood cell count was 9,720, with a 
normal differential. Nonprotein nitrogen of the blood was 47 mg., creatinine 1.6 
mg. per cent. The heart action was irregular. The electrocardiogram showed 
auricular fibrillation and diffuse myocardial damage. There was roentgenologic evi- 
dence of Paget’s disease, involving the skull, spine, femora, and pelvis. The alkaline 
phosphatase value was 9.8 Bodansky units and the acid phosphatase, 1.6 units. The 
phosphorus was 3.8, and the calcium 7.5 mg. per cent. The patient was given 
numerous transfusions. Following these the red blood cell count was 4,000,000; 
the color index, 0.8. At operation, an extensive carcinoma of the bladder, of 
papillary type, was excised, and the prostate removed. Pathologic examination 
showed benign hyperplasia of the prostate, and papillary carcinoma of the bladder, 
transitional cell type. The patient did not do well after operation. His nonprotein 
nitrogen gradually rose to 172 mg. per cent "with creatinine of 5, and he expired 14 
days after operation. 

The pathologic diagnoses following autopsy were: Recent operation 
(prostatectomy and removal of carcinoma of bladder); necrotizing 
cystitis; chronic pyelonephritis; generalized arteriosclerosis; calcific 
aortic sclerosis (Monckeberg t3q)e), mild; myocardial h5q)ertrophy 
and fibrosis; amyloid in heart; chronic passive congestion of liver; 
congestion and edema of lungs; Paget’s disease of bone. 

The heart weighed 470 gm. and was dilated in all chambers. Con- 
siderable calcification was present in the sinuses of Valsalva, and in the 
bases of the aortic cusps and mitral ring. The free margins of the 
valves were delicate. Extensive calcification and arteriosclerosis were 
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present in the coronary vessels, as well as in the aorta and major 
arteries. Microscopic study of the heart is discussed later. The left 
kidney weighed 70, the right, 180 gm. Both were coarsely granular, 
with obscuration of the corticpmedullary junction, with severe fibrosis, 
and interstitial infiltrations of lymphocytes and plasma cells. Some 
acute inflammatory changes were present in collecting tubules and 
pelvic mucosa, but these were relatively slight. The skeletal changes 
were typical of Paget’s disease but relatively inactive. No amyloid was 
noted except in the heart. 

Case 3 

The clinical record on case 3 is inadequate. The patient, an irrational 87-year- 
old woman, died 30 hours after admission. On entry her abdomen was markedly 
distended, the legs were edematous. Temperature on admission wafe 97° F. The 
clinical impression was arteriosclerotic heart disease. The red blood cell count was 
4,900,000; hemoglobin, 14.1 gm.; white blood cell count 23,250, with 91 per cent 
polymorphonuclear leukocytes. Serologic findings were negative. Nonprotein nitro- 
gen of the blood was 57; urea nitrogen, 32 mg. per cent. Paracentesis was performed 
and approximately 500 cc. of turbid fluid were removed. The patient remained 
irrational. Her temperature never rose above 97° F. and was recorded at 96° F. 
shortly before death. 

The final pathologic diagnoses were: Generalized arteriosclerosis; 
calcific aortic sclerosis (Monckeberg type) ; acquired bicuspid aortic 
valve; cardiac hypertrophy and dilatation; myocardial fibrosis; amy- 
loid in heart; chronic passive congestion of lungs; amyloid in lungs 
(slight) ; pleural effusions; cardiac cirrhosis of liver; edema of ankles; 
infarct of spleen; generalized peritonitis, cause undetermined; slight 
bronchopneumonia; transitional cell carcinoma of vagina. 

The two major disease sequences could not be brought into any 
definite relationship. The peritonitis was generalized and severe, but 
no cause therefor could be ascertained. The gastro-intestinal and 
genito-urinary tracts were anatomically intact. No primary focus of 
infection could be identified. The bronchopneumonic patches in the 
lungs did not appear antecedent or causal to the peritonitis. The 
splenic infarct was bland, and not septic. It was suggested that per- 
haps, in the patient’s enfeebled condition, peritoneal infection might 
have occurred from the lumen of the bowel through an anatomically 
intact wall. 

The circulatory system proved of great interest. The heart weighed 
630 gm. The aortic valve was the seat of severe calcific sclerosis, most 
pronounced at the bases of the cusps. A bicuspid valve was produced. 
The free margins of the leaflets were pliable, although slightly thick- 
ened. Calcareous deposits at the bases of the mitral cusps also were 
present. Fine grayish streaking was visible in the myocardium Micro 
scopic findings are discussed later. The findings in liver and lun^s were' 
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indicative of long-continued cardiac insufficiency, with prominent 
chronic passive congestion, reaching the intensity of cardiac cirrhosis 
in the liver. In the lung small amounts of amyloid were noted in the 
thickened alveolar walls, but none was seen in any other organ. A 
small, recent, bland infarct of the spleen was considered to be arterio- 
sclerotic in origin. The kidneys weighed about 120 gm. each and ap- 
peared excellently preserved. 

An incidental finding was a small nodule, about 1.5 by i cm., situ- 
ated in the posterior vaginal wall at the posterior fornix, which on 
section proved to be a papillary carcinoma of transitional cell type. It 
was superficial and did not invade the vaginal wall. 

CazG 4 

The patient was a male, 93 years old, who had had two hospital admissions. On 
the first his complaints were dyspnea on exertion for about 3 weeks, progressive 
weakness for 3 months, and black stools for 2 w’eeks. The significant physical 
findings w'ere; Enlargement of the heart to the left, with extrasystoles and a 
harsh apical systoh'c murmur. The blood pressure was 150/80 mm. Hg; red blood 
cell count, 2,550,000, with 43 per cent hemoglobin; white blood cell count, normal. 
Nonprotein nitrogen of the blood was 47 mg. per cent, but creatinine and sugar 
were normal. The electrocardiogram was interpreted as showing severe myocardial 
damage. Stool examinations showed occult blood. After repeated blood transfusions 
a gastro-intestinal x-ray series was made, showing an apparent gastric ulcer on the 
lesser curvature. The patient’s condition improved after appropriate therapy, and 
he was discharged 1 7 days later. The clinical impression was : Bleeding peptic ulcer 
of stomach; organic heart disease with mitral insufficiency and mild congestive 
failure. 

The patient was re-admitted 7 weeks later because of pain, redness, and swelling 
of the left leg, of 3 weeks’ duration. He had been relatively well on digitalis in the 
interim. Examination showed thrombophlebitis of the left leg; slight auricular 
fibrillation; blood pressure, 150/76 mm. Hg; red blood cell count, 4,700,000, with 
70 per cent hemoglobin; white blood cell count, 16,500, with 85 per cent poly- 
morphonuclear cells. Nonprotein nitrogen of the blood was 24 mg. per cent. 
The patient was treated with dicumarol, the prothrombin time being regulated at 
35 to 40 per cent of normal. The thrombophlebitis showed marked improvement. 
However, 13 days after the final admission, the patient died rather suddenly. 

The pathologic diagnoses after autopsy were: Generalized arterio- 
sclerosis; myocardial fibrosis; myocardial h5rper trophy; amyloid in 
heart; dilatation of heart; chronic passive congestion of lungs; amyloid 
in lungs, slight; thrombophlebitis, left femoral vein; infarct of spleen; 
petechial hemorrhages of intestinal serosa and pelvis of kidney. No 
residuum of a peptic ulcer was encountered. No pulmonary embolus 
was present. 

The heart weighed 420 gm. Considerable epicardial fat was noted. 
There was moderate dilatation of the chambers and some 
of the musculature. The valves were delicate, except for slight nodular 
thickening of the free edges of the mitral cusps, but the chordae ten- 
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dineae were delicate and inserted normally. The coronary arteries, 
patent throughout, were tortuous, but showed no calcification and 
only slight atheroma. Notation was made that they appeared extraor- 
dinarily well preserved for a man of this age. Dense fibrosis was noted 
at the tips of the papillary muscles, and a few minute, translucent, 
grayish dots and fine streaks were observed in the myocardium, espe- 
cially of the septum. The aorta showed mild sclerotic changes. The 
microscopic findings in the heart are described later. The left femoral 
vein was occluded by a thrombus, and chronic inflammatory infiltra- 
tions were present in the thickened wall. The splenic infarct was small, 
measuring only 1.5 cm. across, and was recent. Moderate chronic 
passive congestion involved the lungs. Small traces of amyloid were 
seen in the thickened alveolar walls, but not in any other organ. The 
petechial hemorrhages of the intestinal serosa and renal pelvis were 
apparently agonal. 

Case 5 

The patient was a woman, 88 years old, who was admitted following a fall at 
home, in which she fractured her right hip. The fracture was inter-trochanteric, 
and comminuted. Physical examination otherwise was not remarkable, except for 
an apical systolic murmur. With the extremity in traction, the patient was placed 
on sulfonamide therapy and her general progress was satisfactory. The terminal 
episode, 3 months after admission, was ushered in by a sudden hemorrhage from 
the rectum. In spite of supportive therapy, she died within a few hours. 

The pathologic diagnoses were: Generalized arteriosclerosis; occlu- 
sion of inferior mesenteric artery; infarction of distal transverse colon, 
sigmoid, and rectum; nephrosclerosis, arteriosclerotic t3rpe; old healed 
infarct of lung; amyloid in heart and lung; fibrous perisplenitis; portal 
cirrhosis of liver, mild; bullous emphysema, moderate; atelectasis, right 
middle and lower lobes; lymphocytic infiltration of adrenals; paro- 
varian cysts, bilateral; old fracture of the right hip. 

The heart weighed 230 gm. Fine grayish streaks were noted in the myo- 
cardium. The aortic valve showed slight calcareous deposits at the 
base of the cusps. The coronary vessels were severely sclerotic, but 
the lumina were only moderately narrowed. The microscopic findings 
are considered below. The aorta revealed extensive ulceration and 
calcification, and the ostium of the inferior mesenteric artery was 
occluded. The other major arteries were affected by severe athero- 
sclerosis and calcification. The infarction of the distal colon, sigmoid 
and rectum was characteristic. The lungs, with senile emphysema and 
some bullous formation, weighed only 190 and 150 gm. respectively. 
Some atelectasis also was present. One minute area of fibrosis with 
fibrotic occlusion of a nearby artery, was interpreted as an old healed 
infarct. Traces of amyloid were present within the media of the 
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fibrotic blood vessels in this area. None was seen elsewhere, neither 
in other parts of the lung nor in other organs. The liver weighed looo 
gm. The surface was slightly granular, and microscopic examination 
showed a distortion of architecture by a mild excess of fibrous tissue, 
radiating irregularly from the portal spaces. The nephrosclerosis, with 
kidneys weighing 105 and 115 gm., was characteristically arterio- 
. sclerotic in type. In the pancreas small areas of fibrosis affected the 
interstitial connective tissue, but the islands were intact. 

MICROSCOPIC STUDY OF HEARTS 

These 5 cases appear to form a single group and may be considered 
. together. The ages of the patients ranged from 83 to 93 years. The 
causes of death varied greatly. The weights of the hearts ranged from 
230 to 630 gm. The heart weighing 630 gm. showed severe Moncke- 
berg’s sclerosis of the aortic valve, with an acquired bicuspid valve, and 
the hypertrophy seemed a direct result of this. Three of the hearts 
with weights of 420, 470, and 630 gm. showed considerable inter- 
stitial fibrosis but the other 2 (230 and 350 gm.) revealed no significant 
fibrosis within the myocardium. Arteriosclerotic changes, generalized, 
were prominent in all but case i, but less so in case 4 than in cases 2, 
3, and 5. 

The microscopic examination of the hearts revealed fundamental 
similarity. In all there were small patchy masses of hyaline material, 
situated in the interstitial tissue, and surrounding muscle fibers singly 
and in groups. This hyaline material in all specimens reacted positively 
with Congo red and with methyl violet. The latter stain gave intense 
metachromatic reactions, while the Congo red reaction was less strong. 
The hyaline substance also stained positively with ammoniacal silver, 
according to the method given below. The general pattern of the 
amyloid, in all cases, is illustrated in Figures i and 2. The hyaline 
material (Fig. i) at first glance suggests fibrosis. In foci where the 
involvement is intense, the muscle fibers have disappeared or are 
markedly shrunken and atrophic, as if choked by the surrounding 
collars of amyloid. Careful examination, however, shows absence of 
fibrillar texture characteristic of collagen, while the deposits are hya- 
line. Differential staining reactions are, of course, conclusive. 

Where variable amounts of interstitial fibrosis were present, amyloid 
was observed not only in immediate contact with muscle fibers but also 
as occasional small plaques and masses of hyaline material within the 
fibrosed zones. These deposits of amyloid within areas of fibrosis were 
readily recognizable in preparations stained with hematoxylin and 
eosin, and were differentially shown by specific stains. Methyl violet 
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, was most useful in this regard. The heart of case 3 revealed the most 
marked interstitial fibrosis in this series. 

It must be emphasized, however, that in none of these cases was the 
total amount of amyloid very great, and certainly not comparable to 
the massive deposits reported occasionally in the literature. The hyper- 
trophy in the largest heart in this series, 630 gm., was explained by the 
aortic valvular disease. In all 5 cases the amyloid appeared to be an 
incidental finding. There was not sufficient evidence to attribute death 
to the deposition of amyloid. 

In cases 3, 4, and 5 small amounts of amyloid were noted in the 
lungs. In cases 3 and 4, chronic passive congestion of the lungs was 
present, and the small amyloid masses were situated in the thickened 
alveolar septa. In case 5 the hyaline substance was seen within arterial 
walls in a zone of old infarction. In none of the cases was amyloid ob- 
served in any other organ. 

AMYLOIDOSIS WITH PYELONEPHRITIS 

A sixth case of atypical amyloid disease appears to be in a totally 
different category, but may be reported at this time. 

Case 6 

The patient, 70 years of age, speaking practically no English, was admitted in a 
critically ill condition, with nausea, vomiting, and severe abdominal pain of about 
I week’s duration. The clinical impression was acute intestinal obstruction. Labora- 
tory data showed a white blood ceU count of 22,700, with 95 per cent polymorpho- 
nuclear leukocytes, and 4 plus albumin in the urine, with many pus cells. He had 
had previous surgical treatment, as evidenced by old abdominal scars. Although 
his physical condition was poor, immediate laparotomy seemed indicated. Severe 
adhesions were encountered and freed, releasing kinked and adherent loops of small 
bowel. An enormously distended gallbladder was noted. This was drained, and 
the abdomen closed. In spite' of supportive postoperative therapy, the patient 
died 20 hours after admission. 

It was found, subsequently, that the patient had had a number of hospital 
admissions in various hospitals, over a period of at least 12 years. He had had 
a resection of the cecum and ascending colon, with ileocolostomy, for carcinoma 
of the colon, verified patholo^cally. Apparently, he had a partial resection of the 
stomach, with anterior gastrojejimostomy at another hospital, but this record has 
not been verified. In the 12-year period there were numerous hospital admissions 
for vomiting, pain in the upper abdomen, dizziness, abdominal discomfort, anorexia 
fatigue, chest pain, and vague symptoms. There was some evidence that over the 
past 12 years numerous urine examinations showed albumin and white blood cells 
but no particular significance had been attached to them. ’ 

The pathologic diagnoses following autopsy were: Nephrolithiasis 
right; severe subacute and chronic pyelonephritis; chronic ureterocys- 
titis; atypical amyloidosis, involving kidneys, and blood vessels of 
numerous organs; arteriosclerosis of coronary arteries; healed infarct 
of heart; chronic passive congestion of lungs; atelectasis; emphysema* 
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scars of old operations (partial colectomy with ileocolostomy for carci- 
noma of colon, gastrojejunostomy with partial gastric resection); 
recent cholecystostomy and separation of adhesions. 

The right kidney, intact, weighed 250 gm. It contained a large stag- 
horn calculus, tightly surrounded by a rim of renal tissue. The dilated 
calyces contained abundant, greenish, purulent material. The persist- 
ing renal tissue, of greenish red color, showed severe reduction of the 
usual markings and of definition between cortex and medulla, and 
presented a somewhat mottled appearance. The right ureter had a di- 
ameter of 1.3 cm., with a dense, firm wall and a minute, slit-like lumen. 
The left kidney, weighing 220 gm., was granular, with a soft, bulging 
cut surface showing dulling but not obscuration of the renal markings. 
No hydronephrosis or calculi were present on the left and the left 
ureter appeared normal. The bladder was thin-walled, but with severe 
congestion of the mucosa. The prostate revealed slight hyperplasia. 
The heart weighed 370 gm., and showed an old healed infarct of the 
posterior left ventricular wall, extending into the septum. The coro- 
nary arteries exhibited extensive sclerosis and narrowing, but total 
occlusion was not discovered. Microscopic examination showed severe 
scarring and cellular infiltrations of the right kidney, with only slight 
fibrosis and pyelonephritis of the left. The right ureter and bladder 
revealed prominent chronic inflammatory changes and fibrosis. In 
both kidneys the glomeruli were involved by massive deposits of amy- 
loid, of the usual subendothelial type (Fig. 3). In addition, the cap- 
sules of Bowman frequently were thickened by fibrous tissue, and many 
glomeruli were sclerosed and fibrotic without amyloid infiltrations. No 
amyloid was seen in relation to the tubules or interstitial connective 
tissue, but many of the small and medium-sized blood vessels contained 
lumpy hyaline masses in their walls. These masses stained positively 
for amyloid (Fig. 4). In the other organs amyloid was found in the 
blood vessel walls (similar to Figs. 4 and 5), in the heart, liver, gall- 
bladder, gastro-intestinal tract, adrenal capsule (Fig. 5), ureter, and 
bladder. None was observed in the parench3miatous tissues of these 
organs, but only m the walls of arteries and veins. None was seen in 
relation to capillaries or sinusoids. No amyloid could be identified in 
any part of the lung, spleen, or pancreas. In the heart the amyloid was 
observed only within the walls of the coronary vessels. None was ob- 
served surrounding the muscle fibers, as in cases i to 5. 

In summary, this case, with very long-standing pyelonephritis and 
nephrolithiasis, showed amyloidosis limited to the renal glomeruli and 
to arteries and veins in many different organs. 
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Classification of Amyloid Disease 

Without attempting an exhaustive review of the literature, certain 
facts stand out clearly. The most common manifestation of amyloid 
disease occurs in the course of tuberculosis. Perla and Gross,® in a 
study of 1500 autopsies, reported 100 cases representing about 25 per 
cent of all patients dying of tuberculosis. In this form of the disease, 
the amyloid is most commonly distributed in the kidneys, liver, spleen, 
and adrenals; less frequently in one, two, or three of the above organs, 
but not in all.'^ Huebschmann ® reported that in 8 of 9 consecutive 
autopsies on tuberculous patients with amyloidosis, the amyloid was 
found in the heart also. In addition, the amyloid may be found in traces 
in other organs, such as parts of the gastro-intestinal tract, pancreas, 
or salivary glands.® Thus there is a certain pattern of distribution, 
which I wish to call typical, that is, predominantly in the parenchyma 
of kidneys, spleen, liver, and adrenals, less frequently and with less 
intensity in certain other sites. This typical form of distribution, called 
secondary in the literature, is seen in the course of tuberculosis, 
osteomyelitis, pyelonephritis, lung abscess, carcinoma of stomach,®’’' 
carcinoma of lungs, leukemia,® tabes,® Hodgkin’s disease,”^’® multiple 
myeloma,® rheumatoid arthritis,®’ thermal burns, and others. 

The use of the term secondary for this type is entirely misleading. It 
implies that, somehow, the associated disease (tuberculosis, for ex- 
ample) is the cause of the amyloid. A philosophic discussion of caus- 
ality is scarcely relevant to the present paper. One must distinguish, 
however, a proximal or immediate cause, which is both necessary and 
sufficient (for example, prolonged local anoxia as a cause of infarc- 
tion) ; and a more remote link in the causal chain (for example, gen- 
eralized arteriosclerosis as a “cause” of infarction) which is neither 
necessary nor sufficient to produce the given phenomenon, but which 
may initiate or induce the proximal cause. 

In this sense it is obvious that the proximal cause of amyloidosis is 
not known, in spite of considerable experimental study and chemical 
analysis. However, the statistical correlation between tuberculosis and 
secondary amyloidosis is too high to be ignored. One must assume, 
therefore, that tuberculosis, while not the direct cause, is probably part 
of the causal chain, provided that certain other unknown factors also 
are present. 

The role of chronic suppurative disease in the production of amy- 
loidosis is probably similar to that of tuberculosis. However, the posi- 
tion of conditions such as arthritis or Hodgkin’s disease is more 
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questionable. There simply is not sufficient evidence to implicate these 
diseases as part of the causal chain, although they cannot arbitrarily be 
excluded. Judgment must be suspended. 

This necessity for suspending judgment is emphasized by the rare 
case of amyloidosis, with essentially typical distribution, in which no' 
other disease is observed. In various published cases,^-*^® for example, 
no associated disease was present, but the distribution of amyloid was 
approximately comparable to that seen in the so-called secondary type. 
Since we are ignorant of the true cause of amyloidosis, to call one group 
secondary and the other primary seems illogical One might suggest 
that the true proximal (but unknown) cause was the same in both 
groups. In the alleged secondary group an associated disease might or 
might not be a remote factor of the causal chain; in the so-called 
primary group the causal chain is unknown throughout. In some 
instances, e.g., case 2 of Dillon and Evans, an associated disease 
(bacterial endocarditis) was present, but the authors nevertheless con- 
sidered the case primary. In our state of ignorance such nomenclature 
is utterly confusing. 

There is a second major category of amyloid disease which differs 
from the preceding in the sites of deposit of the amyloid. This cate- 
gory includes most of the so-called primary or atypical cases. Lu- 
barsch,® and others, have discussed this group. The important criteria 
are: (i) Deposition of amyloid in unusual sites (heart, lungs, striated 
and smooth muscle, skin); (2) sparing of the usual or typical sites 
(spleen, kidneys); (3) absence of demonstrable cause. Inconstancy of 
staining reactions may or may not be present. The literature of these 
cases has been most admirably reviewed by Lindsay,^ and repetition is 
unnecessary. 

Since the cause of amyloid deposition is not known, classification 
by etiology is not possible; and since there is no constancy in the clin- 
ical picture, clinical considerations must be kept in the background. 
The simplest classification, taking into account the known factors, 
and not stressing hypothetic factors, would be on the basis of anatomic 
distribution. The following is suggested. 

1. Typical amyloidosis: Deposition of amyloid in the usual sites 
(kidneys, spleen, liver, adrenal, etc.) 

a. Associated with other disease (as, tuberculosis, multiple mye- 
loma, carcinoma, osteomyelitis) 

b. Not associated with other disease (rare, but occasionally re- 
ported as “primary”) 

2. Atypical amyloidosis: Amyloid, not following the usual or typical 
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distribution, found in one or many foci or organs, with or without 

S3nnptoms 

a. Associated with other disease or conditions (as, multiple mye- 
loma, Hodgkin’s disease, carcinoma, pyelonephritis, bronchiec- 
tasis, and the like) 

b. Not associated with other disease (including most of the cases 
reported in the literature as primary amyloidosis, whether 
systemic or local) 

For purposes of classification it is necessary to be somewhat arbi- 
trary, and it is proposed that the parenchymatous involvement of liver, 
spleen, kidneys, and adrenals be considered typical. The addition of 
other organs (for example, the unusual cases of Gerber and Edens ^®) 
should not be sufficient to remove it from this category. On the other 
hand, atypical should be applied to those cases in which liver, spleen, 
kidneys, and adrenals are spared, or in which only one of them is in- 
volved with extensive amyloid in less usual sites as defined by Lu- 
barsch.® This is admittedly an arbitrary division, but the diversity of 
cases is so great that otherwise no simple schema is feasible. 

The most widely accepted classification hitherto is that of Reimann, 
Koucky, and Eklund,^^ who defined four groups: Primary, secondary, 
amyloid with multiple myeloma, and tumor-forming amyloid. More 
logical is the classification of Rosenblum and Kirshbaum,^® who di- 
vided amyloidosis into primary or idiopathic and secondary or sympto- 
matic, with subdivisions in each group of diffuse or typical, and 
localized or atypical. 

It is the contention of this paper that there is no warrant for the 
use of the terms primary and secondary. Lindsay^ has already ex- 
pressed objection to these terms, suggesting “that when the basic 
mechanism is known, primary amyloidosis will be classified as a ‘sec- 
ondary’ type.” 

Amyloidosis, however, takes so many different forms that a few 
words of comment are in order. One of the most interesting groups is 
that associated with multiple myeloma. Of approximately 650 cases 
reported in the literature,^’ concomitant amyloidosis was noted in 
41. Most often there is an at5^ical distribution, but sometimes, as far 
as can be determined from available data, the distribution is compa- 
rable to that seen after tuberculosis, designated typical in this paper. 
Reimann et al.^*’ would call this group neither primary nor secondary, 
but would relegate it to a separate category. Similarly, so-called tumor- 
forming amyloidosis which may involve bones,^^'^^ upper respiratory 
tract, or conjunctiva need not have a separate niche apart from 
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Other forms, but can be grouped with atypical amyloidosis. Some of 
these cases are associated with multiple myeloma,"^' others show 
no associated disease. The classification proposed herein readily ac- 
commodates these cases. The skin disease lichen amyloidosis, fre- 
quently reported in the dermatologic literature, is another example of 
atypical amyloidosis. There seems no need for separate categories or 
divisions for each of the many examples of localization of amyloid. 

ATYPICAL AMYLOIDOSIS, ASSOCIATED WITH SENILITY 

The first 5 cases reported in this paper appear to form a single 
group, all showing amyloid in the heart, with little or no localization 
elsewhere. The amount of amyloid was relatively small compared to 
that in some of the cases described in the literature,^ and was found 
incidentally at autopsy. All of tlie patients were 80 years of age or 
over. They all showed other lesions adequate to explain death, and 
the only common feature was advanced age. These cases apparently 
are identical with the 3 reported by Ranstrdm,^^ in patients 80, 81, and 
88 years of age. The older literature contains a brief note by Beneke 
reporting 6 similar cases in old individuals, but the ages are not given. 
The case of Beneke and Bonning is probably in the same category, 
but again age and clinical data are not presented. 

The conclusion seems justified, on the basis of my own and other 
cases, that the amyloid deposition in the heart without clinical symp- 
toms, can be correlated with old age. It appears to be entirely mis- 
leading to consider such cases as primary. It is of interest that of 
the 5 cases, 4 were foimd in a period of 16 months, in a total of 193 
autopsies. In this small series 19 patients were 80 years of age or 
over, giving a percentage of 21 for that age group. This suggests that 
the condition is far more prevalent than has hitherto been suspected. 

There is independent evidence that under certain circumstances 
amyloid deposition is a function of age. In an investigation of amyloid 
in the genito-urinary tract, BurseU studied deposition in the seminal 
vesicles and found an incidence increasing with age. Thus, in the age 
group 76 to 90, of 38 cases, amyloid was found in 13. Its deposition 
was not related to inflammation in the prostate. It is plausible that 
his cases belong in the same category of atypical amyloidosis associ- 
ated with old age. In my own material, unfortunately, the seminal 
vesicles were not examined microscopically, but it is only a question 
of time until the correlation between the two groups is proved or 
disproved. 

Why the advanced age group should show a significant amount of amy- 
loid is not clear. It is possible, as suggested by Warren,"® that atypical 
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amyloidosis represents a “widespread perversion of function” of the 
connective tissue, with dysfunction of fibroblasts. Possibly local age- 
ing of fibroblasts may be a relevant factor. In this connection it is of 
interest to note the occasional finding of amyloid in sclerosed pancre- 
atic islands of many diabetic subjects (atypical amyloidosis associ- 
ated with diabetes), an observation indicating the importance of local 
factors. 

ATYPICAL AMYLOIDOSIS ASSOCIATED WITH PYELONEPHRITIS 

In the sixth case reported here, with a massive nephrolithiasis and 
^severe pyelonephritis, the amyloid showed a curious localization. Its 
parenchymatous distribution was limited to the renal glomeruli, but in 
addition it was found in the walls of small blood vessels in many 
organs, including the heart. This distribution is unusual, and deserves 
the designation of atypical. We may assume that the concomitant 
pyelonephritis was the most significant associated disease. It is reason- 
able to designate this case as atypical amyloidosis associated with 
pyelonephritis. It is plausible that the infection, in this instance, had 
the same causal importance that tuberculosis or osteomyelitis has in 
tjrpical amyloidosis. The peculiar localization is not explained. (The 
case suggests some similarities to that of Binford.^®) 

Three important unsolved problems haunt the subject of amyloido- 
sis: (i) Why does amyloid disease usually take a typical distribution, 
but occasionally an at5p)ical localization? (2) What is the true proxi- 
mal cause (or causes) of amyloid production (as contrasted with 
inciting or mediating factors or associations, such as the familiar 
tuberculosis)? (3) What, if any, are the essential chemical differences 
between the typical and atypical amyloid? It is probable that a 
thorough-going answer to any of these problems will automatically 
solve all of them. 

Staining of Amyloid with Silver 

Variations in the staining properties of amyloid have long been 
noted. The at5^ical form, especially, shows much inconstancy in re- 
spect to the usual tinctorial reactions. Hass and Schulz have demon- 
strated the chemical complexity of the usual or atypical amyloid. 
Similar work has not been done with tlie atypical forms. Adequate 
chemical analysis may well display many differences. Meanwhile the 
tinctorial, or crudely histochemical studies must be relied on. 

That amyloid can be impregnated with silver first came to my attention 
while studying with the late Dr. Pio del Rio-Hortega. In the course of 
impregnating reticulin fibers of the spleen, some amyloid which was pres- 
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ent stained beautifully, in a tone different from either collagen or 
reticulin. This impregnation aroused no interest or special comment, 
and was accepted in his laboratory as a well known phenomenon. In 
the course of subsequent studies on silver impregnations of the nervous 
system, a simple method was adapted for the differential exhibition of 
senile plaques and Alzheimer strands.^®’ This method, based on one 
of Hortega’s nuclear stains, was found to impregnate amyloid with 
facility and clarity. A brief resume of the method is given. 

Thin frozen sections are washed in water, and placed in an ammoniacal silver 
solution. To 5 cc. of 10 per cent silver nitrate, there is added, dropwise, enough 
ammonia to produce and then just dissolve the characteristic precipitate. Then 6 
to 8 cc. of sodium carbonate solution are added. Of crystalline sodium carbonate, 
I used a $ per cent strength; of the anhydrous form, 3.5 per cent. Or, saturated 
lithium carbonate may be used as the added alkali. The resulting solution is diluted 
to 75 cc. with distilled water. To about 10 cc. of this solution, a few drops of 
pyridine are added and the solution gently heated in a small, covered beaker and 
lightly agitated until the sections turn a tobacco-brown. The temperature should 
not exceed about 45° C., which can be tested by appljdng the bottom of the beaker 
to the back of the hand. The browm sections are then washed in sodium thio- 
sulfate (“hypo”), followed by water, and are mounted without toning. No formalde- 
hyde or other reducing agent is employed at any point. The method gives 
indifferent results in paraffin sections, which can be kept in the silver solution in 
the paraffin oven until they turn a rich brown. This varies from to 2 hours. 
The staining is far more diffuse than with frozen sections, and muscle cytoplasm is 
too deeply impregnated. Paraffin sections are not recommended. 

Examples of frozen section impregnation with this method are shown 
in Figures 2, 3, 4, and 6. The amyloid stains deeply, but nuclei and 
lipochrome pigment also are deeply impregnated. Cytoplasm is fre- 
quently stained a light brown, and a few wisps of collagen may impreg- 
nate. Sometimes protein casts in the lumina of renal tubules stain with 
moderate intensity. Good silver impregnations were obtained in all 
6 cases reported here. The results are permanent. Preparations from 
case I are vivid after a lapse of 6 years. In Figure 6 is shown an 
amyloid liver from a case of tuberculosis, to illustrate the staining of 
so-called secondary amyloid. 

The method is more cumbersome than the methyl violet or Congo red 
reaction, and is not suggested as a substitute. It is presented as show- 
ing an interesting chemical property of amyloid, namely, an intense 
argyrophilia. 

The reaction of amyloid with ammoniacal silver offers a new tool. 
The method is reported, not as a substitute for the simpler staining 
technics, but as a hitherto undescribed property of amyloid. It was 
previously shown in studies on senile brains that the intracellular, 
Alzheimer strands as well as the interstitial senile plaques were strongly 
argyrophiUc. That is, ammoniacal silver, facilitated by gentle heat, 
would impregnate these structures with regularity and intensity without 
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the use of any reducing agent. Nuclear material and lipochrome pig- 
ments also were regularly impregnated by the same method. Nerve 
fibrils and some connective tissue fibrils might be inconstantly and 
lightly stained. In the studies on amyloid the staining is not entirely 
selective, for, as can be seen in the illustrations, nuclei and lipochrome 
stain deeply. In general there is very good differentiation between 
amyloid and collagen, but occasionally some strands of hea\y collagen 
will darken markedly with this technic. Further work is needed to 
elucidate the relationships and to correlate argyrophilia with other 
tinctorial properties. 

Summary 

The present-day classification of amyloid disease, with its distinction 
of primary and secondary, involves the user in inevitable inconsisten- 
cies. A new classification is proposed, based on typical or atypical 
distribution, and on association or lack of association with other dis- 
eases or conditions. With this classification, a new category, “at3^ical 
amyloidosis associated with senility,” is presented. Five such cases are 
described, in subjects over 80 years of age in whom the amyloid was 
present almost exclusively in the heart, and only as an incidental 
autopsy finding, A further case of a different category, atypical amy- 
loidosis associated with pyelonephritis, also is presented. 

A newly described chemical property of amyloid is its ability to com- 
bine with ammoniacal silver without the use of any reducing agent. A 
simple technic is described for the application of this method, which 
proves to be a useful tool for the discovery and identification of this 
substance. 
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Plate 178 

Fig. I. Myocardium, case 4. Patches of amyloid occupy the interstitial tissue, 
replacing many muscle fibers and surrounding others in ring-like fashion. Many 
of the surrounded fibers are atrophic. Hematoxylin and eosin stain, parafiBn 
section. X 600. 

Fig. 2. Myocardium, case 4. The amyloid appears as dark-staining, lumpy masses 
surrounding some individual muscle fibers and replacing others. The interstitial 
connective tissue is essentially imstained, but nuclei and lipochrome pigment 
are impregnated. Silver impregnation, frozen section. X 600. 
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Plate 178 















Plate 179 

Fig. 3. Kidney, case 6. Amyloid within the glomeruli is heavily stained, and 
contrasts well with the connective tissue of the thickened Bowman's capsules. 
Nuclei are well shown. Silver impregnation, frozen section. X 500. 

Fig. 4. Kidney, case 6. Amyloid is seen within the walls of a small blood vessel. 
Silver impregnation, frozen section. X 500. 

Fig. 5. Adrenal, case 6. The amj’loid in one of the periadrenal blood vessels is 
well shown. The general appearance after Congo red staining is similar to that 
seen with silver impregnation. No amyloid was present in the adrenal gland 
proper. Congo red and hemato.xylin, paraffin section. X 500. 

Fig. 6. Amyloid liver from a case of tuberculosis. In the material studied to 
date, there .is no difference in reaction to silver between 'typical and at}'pfcal 
amjdoidosis. At this magnification nuclei are visible as small dots. ' The 
e.vtensive amyloid distribution is well shovTi. Silver impregnation, frozen sec- 
tion. X 55- 
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OBSERVATIONS IN GUINEA-PIGS FOLLOWING INJECTION OF SPECIFIC 
HEMATOPOIETIC SUBSTANCES DERIVED FROM 'URINES OF 
HUMAN LEUKEMIC SUBJECTS * 

Arthur Sawitsky, M.D.jf and Leo M. Meyer, M.D. 

(JFrom the Department of Therapeutics, New York University, 

College of Medicine, New York, N.Y.) 

In a previous report/ the effects of the injection of extracts of beef 
liver into guinea-pigs were described. The theoretic considerations that 
prompted the investigation and a brief summary of the literature were 
given. This report is concerned with a description and evaluation of 
the observations in guinea-pigs of the effects of extracts of urines of 
leukemic subjects. 

Materials and Methods 

Thirty-three young male guinea-pigs ' were used. Weights ranged 
from 205 to 520 gm. Two animals, however, weighed 700 and 780 gm., 
respectively. These animals were standardized and observations made 
as described in the preceding paper.^ 

Urinary extracts were prepared in the following manner. Urines of 
patients with proved myeloid or lymphoid leukemia were collected in 
bottles containing chloroform and pooled according to type. The urine 
was adjusted with hydrochloric acid to pH i to 2, heated to boiling for 
5 to 10 minutes, and then extracted with chloroform. The chloroform 
extract was concentrated, saponified in 2N sodium hydroxide solution, 
and extracted with ether to remove the neutral materials. The alkaline 
solution was saturated with carbon dioxide and extracted with ether 
to remove phenolic materials, then acidified with hydrochloric acid and 
re-extracted with ether. The ether extract was evaporated to dryness 
and extracted with petroleum ether. The petroleum ether extract was 
extracted with methanol to remove benzoic materials and made into 
lead salts in a hot alcoholic solution, which was then filtered. The 
alcohol-insoluble lead salts were extracted with ether to remove ether- 
soluble lead salts. The ether-insoluble lead salts were regenerated to 
acid form, dissolved in acetone, and kept at — 2o°C. for crystallization. 
They were then filtered to remove crystals of palmitic and/or stearic 
acids. The filtrate was concentrated and separated by succination into 
carbinols and noncarbinols. Extracts were then suspended in normal 
butyl succinate so that i cc. of extract suspension was equivalent to 
I 1 . of the original urine. One chloroform-extracted carbinol sample 

* Aided by a grant from the Lederle Laboratories Division of the American Cvanamid 
Corporation, Pearl River, N.Y. 
t Lederle Fellow in Hematology. 

Received for publication, July 19, 194?. 
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was suspended in cottonseed oil and i cc. of tliat suspension was equiva- 
lent to 1.33 1. of the original urine. 

A second type of extraction, producing “ether extracts,” was pre- 
pared in the following manner. Urines were pooled as described above, 
2 per cent potassium hydroxide added, and the urine was then boiled 
and refluxed with steam under nitrogen for 4 hours. Upon cooling, 
neutral substances were removed with three chloroform extractions. 
The alkaline solution was acidified with sulfuric acid and three extrac- 
tions with ether were made to remove the acidic substances. The ex- 
tract was washed with water until neutral and then concentrated by 
steam heat under vacuum. The extract was suspended in normal 
butyl succinate so that i cc. of extract was equivalent to i I. of the 
original urine. 

In order to insure potency of the extracts tested, the carbinol frac- 
tions used were those made from urines of patients with lymphoid 
leukemia. Similarly, the noncarbinol fractions used were those derived 
from the urines of patients with myeloid leukemia. 

Description of Pathologic Changes 

The gross and histopathologic changes observed were essentially the 
same as those noted in the preceding paper.^ 

Observations 

In general, the local reactions to the urinary extracts were more 
severe than those observed with liver extracts. The animals appeared 
more ill. Ruffled fur, lethargy, and somewhat stertorous breathing were 
common. Ulceration of the hind feet occurred after the larger doses. 
The peripheral blood picture was not significantly altered except in 
occasional animals in which anemia was marked. In such, normoblasts 
and occasional myelocytes were noted in the smear. Weight loss dur- 
ing the course of the experiment was usual. In 2 1 animals spontaneous 
death terminated the experiment. 

Carbinol {Lymphoid) Chloroform Fraction from Urines 
of Patients with Lymphoid Leukemia 

Two different samples of chloroform extract were used. One sample 
was suspended in cottonseed oil. Normal butyl succinate was the 
medium used for the second fraction (Table I.) 

The cottonseed suspension in doses of 0.2 cc. was injected, daily, 
intramuscularly into alternate hind limbs of 3 young male guinea-pigs 
weighing 239, 250, and 263 gm., respectively. Each animal received 
a total dose of 1.8 cc., representing 6.0 1. of the original urine. Periph- 
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eral blood findings remained normal. The curve of gain in weight was 
flattened slightly. After 0.8 cc. of extract, ulceration of the plantar 
surface of the right hind foot was noted in one animal. All animals 
showed some ruffling of hair, but appeared well otherwise. The experi- 
ment was terminated 7 and 9 days after the final injection. Two 
guinea-pigs were observed to have lymphoid responses, the other ani- 
mal was negative. 

Six male guinea-pigs weighing 240 to 300 gm. and one male weighing 
700 gm. were given daily intramuscular or subcutaneous injections of 


Table I 

Res'idts of Infection of the Carbinol {Lymphoid) Chloroform Fraction from 
Urines of Patients with Lymphoid Leukemia 


Guin- 

ea-pig 

no. 

Initial 

weight 

Extract, 

total 

dose 

Equiva- 

lent 

urine 

Elapsed time 
after 

Death 

i 

Red 

blood cells 

White 
blood cells 

Reaction 

Initial 

injection 

Lastin- 

jection 

Initial 

Terminal 

Initial 

Terminal 


gm. 

cc. 

1. 

days 

days 


millions 


thmisands 

thousands 


74 

700 

10.25 

10.25 

20 

0 

D 

S-3S 

5.8 

16.0 

12,7 

+ L 

81 

263 

4-5 

4-5 

12 

1 

D 

5*2 

5*0 

22.7 

19.0 

None 

83 

240 

0-5 

0-5 

2 

0 

D 


4.98 


13-0 

None 

84 ; 

285 

6.0 

6.0 

IS 

I 

D ; 

5-15 

4.4 

II -5 

13-5 

-f + + L 

86 

255 

5-25 

5*25 

13 

0 

D 

5*3 

4.8 

12.3 

15*0 

+ + L 

87 

300 

1.25 

1*25 j 

6 

I 1 

D 

5*1 

5*3 

12.6 

12.6 

+ L 

88 ' 

280 


5*50 

13 

I 1 

D 

5*2 

5-4 

14*6 

1 

30.0 

+ L 


Key: L = lymphoid reaction; D = died. 


the butyl succinate suspended fraction. Initial dosage was 0.25 cc. 
This was increased every 5th day by 0.25 cc. until each animal was 
receiving i.o cc. daily. Injections were continued until death. Total 
dosage varied from 0.5 to 6.0 cc. except for the largest animal which 
received 10.25 cc. After 2 weeks of injections and a total dose of 
5.25 cc., the left hind foot of one animal showed gangrenous changes 
which progressed until death 2 days later. The 8th day after the in- 
itial injection, all animals had ruffled fur and appeared to be ill. The 
hind limbs (sites of injection) became indurated. All animals lost weight 
during the experimental period. Peripheral blood changes were not 
significant. The animals survived from 2 to 20 days after the initial 
injection. Five died within 15 days, the 6th on the 20th day. Four 
animals had enlarged cervical nodes. The thymus was prominent in 
all. Two presented enlarged mesenteric nodes and in one the right 
inguinal node was enlarged. In the 4 animals with enlarged lymph 
nodes, lymphoid hyperplasia and infiltration of the cervical nodes 
(Fig. I ), and to a lesser extent of the liver (Fig. 2), adrenal, kidney 

and lung (Fig. 3), were noted. The spleen was involved in onlv one 
animal (Fig. 4). 
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The bone marrow could not be studied adequately because of tech- 
nical difficulties. The remaining 3 were negative except for some round- 
celled infiltration of the medulla of the adrenals and of the kidneys. 
The 4 positive animals received 5.25 cc. or more of extract. 

Carbhiol {Lymphoid) Ether Fraction from Urines of Patients 

with Lymphoid Leukemia 

Three young male guinea-pigs weighing 275 to 430 gm. were given 
daily injections of 0.5 cc. of carbinol ether extract intramuscularly in 
alternate thighs. The total doses were 1.5, 2.0, and 4.5 cc. Death 
occurred 4, 5, and 13 days after the initial injections. The animal 
receiving the largest dose showed enlargement of the cervical lymph 
nodes and lymphocytic hyperplasia of the cervical, axillary, and mesen- 
teric lymph nodes. The spleen was hyperplastic and infiltration of the 
bone marrow was observed (Fig. 6). Another animal showed lesser 
but similar changes in the spleen, adrenals, and lung, while the tliird 
revealed round-celled infiltration of the bone marrow but myeloid 
changes in the cervical nodes, spleen, adrenals, and lung. 

Two animals were given a different sample of similarly prepared 
extract in the manner described above. A total dose of 4.0 cc., equivalent 
to 4.0 1 . of urine, was injected. The animals appeared ill after the fourth 
injection and one developed bilateral gangrene of tlie hind limbs. They 
were sacrificed 8 and 20 days after the last injection. The bone marrow 
of both animals revealed round-celled infiltration, but the cervical 
nodes, spleen, liver, adrenals, and lung showed mild to moderate de- 
grees of myeloid infiltration and metaplasia. 

/ 

Noncarbinol {Myeloid) Chloroform Fraction from Urines 
of Patients with Myeloid Leukemia 

Six male guinea-pigs ranging in weight from 382 to 780 gm. were 
injected subcutaneously with daily doses of 0.25 cc. of the noncarbinol 
chloroform fraction (Table II) . Every 5th day the dose was increased 
by 0.25 cc. until i.o cc. was given daily. Subcutaneous injection caused 
indurated and partially ulcerated areas in the skin, and the intramuscu- 
lar route was used when this occurred. After 9 days of injections, all 
4 smaller animals had gangrenous and ulcerative changes of the toes 
of the hind feet. The animals were clinically ill. There was progressive 
deterioration, and loss of weight was noted in all. Severe anemia in one 
animal and mild anemia in 2 others was observed at this time. There 
was concomitant leukocytosis in all 3. In the guinea-pig showing the 
marked anemia, normoblasts and myelocytes were seen in the,periph- 
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eral blood. There was one anaphylactoid death during the course of 
the experiment. Five animals died and one was sacrificed 20' to 35 
days after the initial injection. The total dosage varied from 8.75 
to 11.75 cc. of extract, representing 8.75 to 11.75 1- urine. Peritoneal 
irritation was observed in 2 animals. The cervical nodes were not 
enlarged. The thymus was difficult to identify. In 5 animals the liver 
was enlarged but of normal color. Four spleens were strikingly en- 
larged and in these animals the adrenals were likewise enlarged. 

I Testicular atrophy was noted in 5 instances. Marked necrosis and 
suppuration were present in all cases at the various sites of injection. 
Microscopically, myeloid metaplasia and marked infiltration of imma- 


Table II 

Results of Injection of the Noncarbinol {Myeloid) Chlorbform Fraction 
from Urines of Patmits with Myeloid Leukemia 


Guin- 

ea-pig 

no. 

Initial 

weight 

Extract, 

total 

dose 

Equiva- 

lent 

urine 

Elapsed time 
after 

Death 

Red 

blood cells 

White 
blood cells 

Reaction 

Initial 

injection 

Last in- 
jection 

Initial 

Terminal 

Initial 

Terminal 


gm. 

cc. 

1 . 

days 

days 




thousands 

thousands 


75 

780 

II- 7 S 

11-75 

24 

0 

D 

5-2 

5-8 

9-4 

14.0 

+ + -(-+ M 

76 

700 

II- 7 S i 

11-75 

35 

II 

S 

5-45 

6-5 

5.6 

25.0 

+ + -h+M 


472 

8.75 

8.75 

20 

0 

D 

4.9 

4-3 

9-3 

19-S 

+ -}- + + M 

78 * 

465 

11-75 

11.75 

25 

I 

D 

5-5 

2.97 

8.3 

29.6 

+ + +M 

79 

425 

9-75 

9-75 

22 

I 

D 

5.01 

4.3 

8.6 

18.6 

+ + + M 

80 

382 

11-75 

11-75 

26 

2 

D 

5-6 

4.3 

9.0 

12.6 

1 ’ 

+ +M 


Key: M = myeloid reaction; S = sacrificed; D = died. 


ture myeloid elements in the lymph nodes, spleen, liver (Figs. 7 and 8), 
adrenals, and lung (Fig. 9) were observed in 5 of the 6 guinea-pigs. 

Hyperplasia of myeloid elements of the bone marrow was present 
in all (Fig. 10). 

Noncarbinol {Myeloid) Ether Fraction jrom Urines of Patients 

with Myeloid Leukemia 

There were two samples of noncarbinol ether extract identically pre- 
pared, but injected at different times. Each cc. of extract represented 
1 1 . of urine. Two guinea-pigs were used for each assay. All 4 animals 
were males and varied in weight from 400 to 520 gm. Daily intra- 
muscular injections of 0.5 cc. were given. 

In the first assay, one animal received 3.5 cc. and the other, 4.0 cc. 
Both lost weight and were clinically ill. One became anemic, but no 
immature cells were noted in the peripheral blood of either guinea-pig. 
One died 10 days after the first injection, the other was sacrificed 12 
days later. Peritoneal reaction to the extract was noted in both. The 
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cervical nodes of one animal were enlarged. Induration and necrosis 
of muscle at the sites of injection were moderate. Microscopic exam- 
ination disclosed myeloid metaplasia and myeloid infiltration of the 
spleen, liver, adrenals, and Iddneys, with h5rperplasia of the bone mar- 
row. The cervical nodes of one guinea-pig were similarly involved. 

In ^the second assay, 2 guinea-pigs received a total dose of 4.0 cc. 
They remained clinically well until sacrificed 10 and 22 days after the 
final injection. The peripheral blood was unchanged. Gross examina- 
tion revealed only mild induration at the sites of injection. Micro- 
scopic examination was negative except for a mild myeloid response in 
the bone marrow of both animals and in the spleen of one. 

Normal Succinate Control 

Three male guinea-pigs weighing 260 to 368 gm. were chosen as 
controls (Table III). They were given daily alternate subcutaneous 


Table III 

Normal Butyl Succinate Control 


Guinea- 
pig no. 

Initial 

•weight 

i 

Elapsed time 
after 

Death 

Red 

blood cells ; 

White 
blood cells 

Reaction 

^ Initial 
inicction 

Last 

injection 

Initial 

Terminal 

Initial 

Terminal 


gm. 

cc. 

days 

days 


tnilltons 

millions 

thousands 

thousands 


89 

320 

12.00 

33 

II 

s 

5*2 

S-io 

lo.s 

9-25 

-}“ L 

90 

368 

12.00 

33 

II 

s 

5-35 

5-os 

1 8.8 

10-5 

+ + -f L 

93 

260 

12.00 

23 

I 

D 

S-OS 

4-95 

II.O 

14.0 

i L 


Key: L = lymphoid reaction; S = sacrificed; D = died. 


and intramuscular injections. Initially, 0.25 cc. was given and the 
dose was increased by a like amount every 5th day until the daily dose 
was i.o cc. All 3 animals received a total dose of 12.0 cc. The first 
6.0 cc. was well tolerated without abnormal clinical or hematologic 
signs. With larger doses, ruffled fur and breakdown of the sites of 
injection were noted. In one animal, gangrene of the left foot was 
observed. Weight was maintained during the injection period and 
then weight gains were noted. One animal lost weight after lo.o cc. 
was given and died 3 days later. The other animals were sacrificed ii 
days after the final injection. No side reactions were observed during 
the course of the experiment. Gross pathologic changes were limited to 
mildly enlarged cervical nodes in all animals and moderate induration 
and necrosis of the tissue at the sites of injection. Microscopic, exam- 
ination revealed mild to moderate lymphoid stimulation of the lymph 
nodes and spleen. The lungs of 2 animals were moderately involved. 
The bone marrows of all 3 guinea-pigs were negative. 
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Discussion 

We do not believe that we have produced leukemia, as we recognize 
the spontaneous form in animals and man. We have been able to pro- 
duce leukemia-like lesions of either the lymphoid or myeloid t3qDe by 
the injection into guinea-pigs of substances of the carbinol or non- 
carbinol type, respectively. The fractions used are obviously crude. 
To what extent the menstruum is influencing the final result is difficult 
to state, but it is noteworthy that animals receiving carbinol (lymph- 
oid) extract suspended in cottonseed oil manifest lymphoid stimulation. 
Animals receiving cottonseed oil alone tend to show myeloid stimula- 


Table IV 

Frequency of Organ Involvement Folloiving Use of the Carbinol {Lymphoid) Chloroform 
Extracts from Urines of Patients with Lymphoid Leukemia 



Key: L = lymphoid reaction. 


tion if any response is elicited. Conversely, the noncarbinol (myeloid) 
fraction suspended in normal butyl succinate may show the most 
marked myeloid metaplasia and infiltrative response, while the suc- 
cinate alone is lymphoid stimulating. In general, our results confirm 
those of Miller and his group ^ and the report of Heinle and his co- 
workers.® 

Using both beef liver and urinary extracts, it was found that the 
noncarbinol fractions produce the more striking lesions. The separation 
of extract into carbinol and noncarbinol fractions is possible, but in 
our hands three times the equivalent dose of urine (in liters) has been 
necessary to produce lesions comparable with those described by Miller 
and his group.® We have found the fractions obtained by crude chloro- 
form extraction to be more potent than the ether-extracted or the 
water-soluble forms. 

The frequency of organ involvement is shown in Tables IV, V 
VI, and VII. The lesions of the carbinol (lymphoid) fractions were 
most frequent in the lymph nodes, liver, lung, kidney, and bone mar- 






















1124 


SAWITSKY AND MEYER 


Table V 

Frequency of Organ Involvcmoil FoUo'a>his Use of the Carbinol [Lymphoid) Ether 
Extracts from Urines of Patients with Lymphoid Leukemia and Suspended in 
Normal Butyl Succinate. (The Results from Two Extracts, Prepared Iden- 
tically, Are Shown in the Upper and Lower Portions of the Table.) 



row. The animals stimulated by the noncarbinol (myeloid) fractions 
showed lesions most frequently in the spleen, bone marrow, liver, lymph 
nodes, and adrenal cortex. The tables indicate pulmonary involvement 
in the myeloid reaction. In the majority of sections this took the form 
of a decrease or absence of normally present lymphoid tissue. An- 
other point of interest not shown is the amount of thymic tissue present. 
We had no difficulty in identif3dng and removing the th5mius of the 
carbinol (lymphoid) animals; it was often extremely difficult to do so 
in the noncarbinol (myeloid) group. 

It was quite evident throughout the entire experiment that stimula- 
tion of myeloid tissue caused a reduction of lymphoid tissue in organs 
where lymphoid tissue was normally present and abundant, and vice 

Table VI 

Frequency of Organ Involvement Following Use of the Noncarbinol {Myeloid) 
Chloroform Extract from Urines of Patients with Myeloid Leukemia, 
Suspended in Normal Butyl Succinate . 


Reactions 

LympH 

nodes 

Spleen 

Liver 

Kidney : 

Adrenal 

Lung 

Bone 

marrow 

± M 




I 

I 

2 

3 

< 

M 

s 

5 

s 

2 

4 

3 

3 

None 

I 

I 

I 

3 

I 

I 



Key: M = myeloid reaction. 
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versa. The peripheral blood, however, did not share in this relation- 
ship. In only one animal (guinea-pig 78, Table II) were immature 
myeloid cells, myelocytes, and nonsegmented neutrophils found in the 
peripheral smear. This was true in spite of evidence of myeloid stimu- 
lation in all bone marrows of guinea-pigs given noncarbinol (myeloid) 
fractions of urinary extract. 

In the previous report ^ we commented on the cellular infiltrations 
observed at the sites of injections. It was again observed that the non- 
carbinol (myeloid) fraction of urinary extract produced marked granu- 

Table vii 

Frequency of Organ Involvement Following Use of the Noncarbinol {Myeloid) Ether 
Extracts from the Urines of Patients with Myeloid Leukemia and Suspended in 
Normal Butyl Succinate. {The Upper and Lower Portions of the Table 
Show the Results from Two Extracts Identically Prepared.) 



locytic reaction with occasional areas of suppuration. In the carbinol 
(lyrnphoid) stimulated animals, few inflammatory cells were seen. 
The local inflammatory reaction was greater in the animals receiving 
urinary extract than in those receiving beef liver extract. At times this 
reaction was so marked as to be followed by necrosis and gangrenous 
changes. This was more frequent in animals receiving larger doses. 

Summary 

We believe that our results indicate that the urines of patients with 
leukemia contain some substance of substances which are extractable 
and separable by the methods described. Depending upon the method 
used, tliese extracts are capable of producing in guinea-pigs a specific 
lymphoid hyperplasia and infiltration with the carbinol fraction, and 
myeloid hyperplasia and infiltration with the noncarbinol portion. In 
either case, the chloroform extraction method produced the most potent 
fractions. The lesions produced in the animals were clinically and 
pathologically dissimilar to spontaneous leukemia. Further confirma- 
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tion of the reciprocal relationship between lymphoid and myeloid tissues 
was observed. 

The question of the relationship of substances such as native pro- 
teins, normal butyl succinate, and the carbinol extracts of beef liver to 
the fractions obtained from the urines of patients witli lymphoid 
leukemia is yet to be defined. Similarly, the relationship of the myeloid 
stimulators, the nucleic acid derivatives, cottonseed oil, and the non- 
carbinol extracts of beef liver to the fractions obtained from the urines 
of patients with myeloid leukemia is of interest. 

It is our belief that our data justify continuation of investigation. 
Efforts to purify and concentrate the active factors involved are being 
pursued. 

Urinary extracts were prepared by Dr. Frank Stim and Dr. E. C. Yen at the 
Lederle Laboratories, Pearl River, N.Y. 
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DESCRIPTION OF PLATES 


Plate 180 . . 

Fig. I. Lymphoid hyperplasia in cervical node. (Carbinol fraction prepared from 
the urines of patients with lymphoid leukemia.) X 500. 

Fig. 2. Lymphocytic infiltration in liver. (Carbinol fraction prepared from the 
urines of patients with lymphoid leukemia.) X 500. 
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Plate i8i 

Fig. 3. Perivascular lymphocytic infiltration in lung. (Carbinol fraction prepared 
from the urines of patients with lymphoid leukemia.) X 100. 

Fig. 4. Lymphocytic hyperplasia in spleen. (Carbinol fraction prepared from 
the urines of patients with lymphoid leukemia.) X 500. 
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Plate 1S2 


Fig. 5. Normal bone marrow. X 500. 

Fig. 6. Lymphocytic infiltration in bone marrow. (Carbinol fraction prepared 
from the urines of patients with lymphoid leukemia.) X 300. 
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Plate 183 
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Plate 183 
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Plate 184 

Fig. 9. Plug of myeloid cells in pulmonary arteriole. (Noncarbinol fraction pre- 
pared from the urines of patients with myeloid leukemia.) X 500. 

Fig. 10. Myeloid hypenilasia in bone marrow. fNoncarbinol fraction prepared 
from the urines of patients with myeloid leukemia.) X 500. 
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THE PNEUMONITIS AND GRANULOMATOSIS PECULIAR 
TO BERYLLIUM WORKERS * 

Frank R, Dutra, M.D. 

{From tilt Kettering Laboratory of Applied Physiology, College of Medicine, University 

of Cincinnati, Cincinnati, Ohio) 

The pathologic aspects of the acute pneumonitis and chronic pul- 
monary granulomatosis of beryllium workers have been discussed 
briefly in several publications.^”^ There has been no previous- attempt 
to describe the changes in the tissues of groups of cases representing 
both acute pneumonitis and granulomatosis. This report has been 
compiled following a study of tissues from the bodies of 7 persons who 
died of acute pneumonitis and of 13 persons who died of chronic 
granulomatosis. 


Beryllium as a Pathogenic Agent 


There is evidence that beryllium is not an innocuous substance 
when in contact with living tissues. This has been recognized in 
beryllium-using industries for several years, in which it was observed 
that the accidental introduction of beryllium compounds beneath the 
skin resulted in chronic ulcers which persisted until the tissues con- 
taining the metal were excised or until the foreign material was elim- 
inated. Local tissues from 3 cases in which beryllium phosphors t had 
been accidentally introduced beneath the skin were examined in this 
laboratory. The similarity of the lesions in these subcutaneous sites 
to each other, and to the granulomas which were found in the lungs 
of persons who died of beryllium granulomatosis, was so marked as to 
provide fortuitous but highly advantageous evidence of the patho- 
genicity of beryllium. 

Further evidence that beryllium in the tissues stimulates an inflam- 
matory response has been presented by surgeons who have experi- 
mented with metals in repairing bone defects.'^ It was found that an 


^ Acknowledgment is made for financial aid from the Sylvam'a Corporation for fhp 
work reported herein. ^ 

Received for publication, May 5, 194S. 

tBcr>-liium phosphors are powders which contain from 4 to 12 per cent bendhum 
iressed as beryllium omde. 
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alloy containing nickel, cobalt, chromium, and molybdenum produced 
no tissue reaction, but that the addition of 1.6 per cent of beryllium 
to the alloy caused the formation of “chronically inflamed granulation 
tissue containing many macrophages.” It was also reported that there 
was extensive fibrosis with marked lymphocytic infiltration. 

Beryllium Pneumonitis and Beryllium Pneumonoconiosis 

The clinical aspects of the pulmonary disease peculiar to beryllium 
workers have caused it to be classified into two mutually exclusive 
conditions — acute pneumonitis and chronic pulmonary fibrosis — ^with 
little clinical evidence of a direct relationship between the two condi- 
tions. Acute pneumonitis has been marked by a sudden onset, with 
cough, chest pain, dyspnea, cyanosis, diminished vital capacity, and 
loss of weight. The illness lasts from 5 weeks to 4 months and the 
mortality rate is about i per cent. Pulmonary fibrosis (delayed pneu- 
monitis,^ chronic pulmonary granulomatosis®) has had an insidious 
onset during which there is increasing weight loss and weakness, cough, 
and dyspnea. Some of the patients with chronic granulomatosis are 
alive and working 5 years after the diagnosis was made. About 10 
per cent of all patients diagnosed have died. From the standpoint of 
morbid anatomy this differentiation into acute and chronic diseases is 
not clear-cut, and all stages of transition have been seen between the 
conditions designated as acute pneumonitis and as chronic granu- 
lomatosis.* 

Furthermore, the designation “acute pneumonitis” is inadequate 
from the pathologic standpoint in some cases which fit clinically into 
this category, because organization of exudate, which is not ordinarily 
considered as part of a strictly acute reaction, has been noted in 6 
of the 7 cases of acute pneumonitis from which I have had tissues. 
Similarly, the designation “ chronic granulomatosis” is likewise inade- 
quate, because it neglects other important pathologic aspects of the 
clinically chronic disease. Emphysema and diffuse fibrosis are presum- 
ably much more important, from the standpoint of the well-being and 
pulmonary function of the patient, than are the granulomas. 

The development of granulomas has been studied tlirough a number 
of the transitions in the lungs of various patients. The earliest phase 


* After this paper was submitted, it was brought to my attention that at the Greater 
New York Safety Conference, April 13-16, 1948, Dr. Willard Machle stated that the ^ 
differentiation between acute, subacute, and chronic disease from beryllium is purey 
arbitrarj'. Our own e.xperience indicates that all gradations in rate of onset, seventy, 
and resolution on a time base may be seen.” The differences. Dr. Machle pointed ou , 
are probably related to the solubility of the compounds to which the patients were 
exposed. 
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of a recognizable granuloma has been seen in a patient who died of 
acute beryllium pneumonitis. The well developed granulomas have all 
been confined to patients who died of chronic granulomatosis. 

Tissues from 10 patients who died of beryllium pneumonitis or 
granulomatosis have been analyzed for beryllium by the method of 
Cholak and Hubbard.'^ ' 

Table I is presented as a guide to the cases which form the basis of 
this report upon the pathologic aspects of pulmonary disease of beryl- 
lium workers. The results of analyses of the lung tissues are included 
also. 

GROSS MORPHOLOGIC FINDINGS 

I have made gross examinations of tissues from 5 persons who died 
of acute pneumonitis of beryllium workers. In these cases the basic 
pulmonary lesions have been similar. The lungs have been heavy, the 
combined weight of both lungs being more than 2,000 gm. in 2 of the 
5 cases. The lungs had lost their usual elasticity, so that when the chest 
cavities were opened they retained their expanded shapes. The cut 
surfaces were fairly homogeneous, and ranged from pinkish gray to 
bluish gray. Moderate quantities of thin fluid could be expressed. 
There was little fluid in the bronchi and bronchioles, and no pus was 
seen. In each case there was moderate enlargement of the broncho- 
pulmonary and peritracheal lymph nodes, and these were soft and 
fleshy. In one case there was a partially organized infarct in the 
lower lobe of the right lung, with a thrombus in an artery at the apex 
of the infarct. In another case the heart was somewhat flabby and 
slightly dilated. In all cases of acute pneumonitis, there were hyperemia 
and parenchymatous degeneration of the viscera. 

- In the cases of chronic beryllium granulomatosis, also, the lungs 
have been heavy, usually ranging between 1,500 and 2,000 gm. In 
one case they weighed 2,400 gm. Although the lungs had lost their 
elasticity and remained in the expanded position, they did not have 
the homogeneous character of the lungs in cases of acute pneumonitis. 
In chronic granulomatosis the lungs contained many small, firm nod- 
ules, ranging up to 2 mm. in diameter. Emphysema was present in- 
variably, and in most cases the nodules and enlarged air spaces were 
scattered diffusely tliroughout the lung. In a few cases the emphysem- 
atous areas were limited to focal regions up to 5 or 6 cm. in diameter 
which alternated with masses of dense tissue of similar or larger size 
Some lungs had a generalized honeycombed appearance due to emphy- 
sema, and occasionally there were subpleural emphysematous blebs. In 
one case a small hemorrhagic infarct was seen in the lower lobe of the 
right lung. There were focal fibrous adhesions between the visceral 



Table I 

Cases of Pulmonary Disease in Beryllium Workers 
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and parietal pleurae in 5 cases. The peribronchial and peritracheal 
lymph nodes were moderately firm and enlarged in nearly all cases. 

In every case of chronic beryllium granulomatosis there was thick- 
ening of the wall of the right ventricle of the heart, with dilatation of 
this chamber. In most cases this was slight but in some it was marked 
and a true cor pulmonale was present. In addition, there were evi- 
dences of chronic passive hyperemia of the abdominal viscera in these 
cases. There were no renal calculi in the cases reported here, but it is 
probably significant that such calculi from 2 persons with chronic 
granulomatosis have been analyzed at the Kettering Laboratory and 
were found to contain beryllium. 

HISTOPATHOLOGIC FINDINGS 

Lungs 

The lungs in the 7 cases of acute pneumonitis of beryllium workers 
were characterized by inflammatory exudate and the early formation 
of new connective tissue. 

In the earliest phase of the disease, the exudate was comprised of 
fluid and cells. In some regions, the fluid was seen as homogeneous 
eosinophilic material, but in other places considerable quantities of 
fibrin were present also. This fluid filled the lumina of some alveoli, 
while other alveoli contained relatively small amounts of it. Large 
mononuclear cells were predominant in the exudate in all acute cases, 
and among them were scattered lymphocytes and plasma cells in mod- 
erate numbers (Fig. i). These cells, together with a few polymorpho- 
nuclear leukocytes and occasional erythrocytes, comprised the only 
formed elements within the alveolar lumina. The large mononuclear 
cells had pale reticulated nuclei and pink, finely granular cytoplasm. 
Many of them had fine granules or fragments of disintegrating cells 
in their cytoplasm. In the cases of shorter duration, only a few of 
these cells were vacuolated, but in cases with a duration of 21 days 
or more, large numbers of the mononuclear cells contained clear 
vacuoles, so that the cytoplasm appeared foamy. These vacuoles con- 
tained lipid material which stained bright orange with sudan IV. The 
cells lining the alveoli were swollen and some contained mitotic fig- 
ures. Transition of the lining (septal) cells to free mononuclear 
clasmatocytes was well represented in all cases of acute pneumonitis. 

There were only rare polymorphonuclear leukocytes in the exudate 
in 6 of the 7 cases of acute pneumonitis. In one case there was a recent 
pulmonary infarct in which polymorphonuclear leukocytes and erythro- 
cytes were numerous; elsewhere the exudate in this case was like that 
of the other 6 cases. 

In the lumina of some alveoli, there were masses of degenerating 
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large mononuclear cells. The cells lining these alveoli were 'invariably 
enlarged, and in various stages of desquamation. Often there was 
coalescence of cytoplasm of the desquamated cells to form giant cells 
around degenerating and necrotic debris. In later stages of this proc- 
ess, there was proliferation of fibroblasts within adjacent alveolar 
walls, with organization of the periphery of the mass and formation of 
a granuloma within the lumen of the alveolus (Fig. 3). Silver impreg- 
nation revealed early formation of reticulum in the peripheral portions 
of these masses, with centripetal strands extending toward the centers. 

The central debris of the nodules assumed a brightly eosinophilic, 
homogeneous appearance, characteristic of the ill defined substance or 
substances called fibrinoid. This fibrinoid substance was stained bright 
pink in phloxine and methylene blue preparations, green in Masson’s 
trichrome, yellow in van Gieson’s, and did not impregnate with silver. 
The granular debris from which it seemed to be condensed stained 
blue with phloxine and methylene blue, and green with Masson’s tri- 
chrome method. 

Although the amount of fibrinoid material was small in the majority 
of cases of acute pneumonitis, it was found in 6 of the 7 cases. In one 
case it was abundant, and was usually found in regions where clasmato- 
cytes were numerous. It lay free in the alveolar spaces, and usually 
had a serpentine appearance, although occasionally it formed irregu- 
lar strands or globules. Often it was partly or completely surrounded 
by large clasmatocytes which sometimes were fused to form multi- 
nucleated giant cells. Where fibroblasts and lymphocytes formed 
nodules in the walls of septa, masses of fibrinoid substance were often 
found associated with them (Fig. 4). 

The origin of this fibrinoid material is not known, but in one case 
there was a suggestion of transitional stages from degenerating large 
mononuclear cells, through slightly eosinophilic granular debris, to 
increasing condensation, homogeneity, and eosinophilia, and, finally, 
to the fully homogeneous and markedly eosinophilic mature hyalin. 

Hyaline membranes lining occasional alveoli and respiratory bron- 
chioles were found in 2 cases of acute pneumonitis. They were affected 
by stains in the same way as the fibrinoid material, and presumably 
represented a vagary of distribution of that substance. 

In all cases there was infiltration of the interstitial tissues of the 
septal walls by lymphocytes and plasma cells. These were relatively 
few in cases of shorter duration, and were numerous in the lungs of 
those who sur\dved longer, in which they occasionally were grouped 
with fibroblasts and reticulum into nodules. Similar cells were present 
in corresponding numbers in the perltruncal connective tissue. 

Fibrosis occurred fairly early in acute pneumonitis. This was mani- 
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fested by early appearance of reticulum in the intra-alveolar exudate 
and the growth of fibroblasts into that exudate (Fig. 6). Diffuse pro- 
liferation of fibroblasts within the walls of the septa was seen also, and 
in 3 of the 7 cases of acute pneumonitis there was actual formation of 
nodules here and there within the septa. These nodules consisted of 
fibroblasts, lymphocytes, and plasma cells, with eosinophilic granular 
debris or fibrinoid masses at their centers. In one case in which the 
duration of the disease was 14 days, well defined granulomas were 
fairly numerous, both within the alveolar lumina and within their walls. 

The bronchi in the cases of acute pneumonitis had intact epithelial 
surfaces, and their walls were invaded by a few lymphocytes and 
plasma cells. The respiratory bronchioles of most cases showed infil- 
tration of their walls by large numbers of lymphocytes and desquama- 
tion of their cuboidal lining cells. 

It appeared that the pulmonary lesions in the 13 cases of chronic 
granulomatosis of beryllium workers were closely related to those in 
acute pneumonitis. In fact, from the morphologic standpoint, the 
cases of chronic granulomatosis represented a further development 
of the acute pneumonitis. Cellular exudate, so prominent in acute 
pneumonitis, was also a part of granulomatosis. Unlike the situation in 
acute pneumonitis, however, intraseptal l3miphocytes and plasma cells 
were much more numerous than were cells free in the alveolar spaces. 
There were large mononuclear cells within the alveoli in all of the 
chronic cases, the numbers varying greatly from case to case and in 
different portions of the lungs in a given case. Polymorphonuclear 
leukocytes were virtually absent from the lungs, except in one case.* 
In addition, the lungs of the patients with granulomatosis also had 
numerous giant cells which are described in detail below. 

Extensive regions of emphysema were present in all cases, with 
attenuation of septal walls and enlargement of air spaces. The capib 
laries of the septa in the emphysematous regions were narrowed, so 
that this condition, together with fibrosis and granulomas in other 
septa and in the peritruncal tissues, tended to impede the pulmonary 
circulation. 

There was marked fibrosis of the lung in all instances of chronic 
granulomatosis. This fibrosis was distributed in the septa, in the 
granulomas, and in the perivascular and peribronchial regions. The 
collagen was relatively dense, and only moderate numbers of fibro- 
blasts were visible. There was an increase in the diameter of the 

♦One patient with granulomatosis, who died with superimposed acute pneumonia, 
had many polymorphonuclear leukocytes in his lungs. 
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capillaries of most septa, so that the enlargement of the septa resulted 
from both dilatation of the vascular channels and proliferation of 
connective tissue. 

The granulomas appeared to be characteristic of the pulmonary 
granulomatosis of beryllium workers. In the cases of long-standing 
chronic disease, they were confined to the enlarged septal walls or 
to the peritruncal connective tissues. In all cases, there were regions 
in the lungs where overgrowth of fibrous tissue effaced the normal 
pulmonary structure, forming fibrous zones which were at least par- 
tially comprised of old granulomas. Doubtless, they also received 
contributions from the newly formed collagen of the alveolar walls 
and peritruncal zones. Within these fibrous areas, granulomas were 
often close together, and occasionally two were found to be contiguous 
and merging (Fig. 8). 

The granulomas consisted of a peripheral zone of loose fibrous 
tissue which surrounded a central region comprised of necrotic, granu- 
lar, eosinophilic debris, of fibrinoid material, or of a Langhans’ giant 
cell. The central regions and the fibrous zones were usually infiltrated 
with lymphocytes, and moderate numbers of large mononuclear cells 
often were found in the fibrous zone. These cells were fibroblasts, 
and they had oval, reticulated nuclei. They were arranged with their 
long axes circumferential. Cells of epithelioid type, so prominent in 
Boeck’s sarcoid, were relatively infrequent. Within some granulomas, 
there were peculiar basophilic structures which were identified as the 
conchoidal bodies often found in lesions of Boeck’s sarcoid (Fig. 9). 
Many of the granulomas had centers which contained none of the 
aforementioned materials, but were comprised of slightly eosinophilic, 
relatively acellular, fibrous tissue. Silver impregnation of granulomas 
of this type revealed that the argentophilic material had a radial ar- 
rangement, suggesting an ingrowth of reticulum toward the center from 
the outer zones. 

The giant cells sometimes were found in the centers of the granu- 
lomas, but often they were among the peripheral fibroblasts. Fre- 
quently, several were scattered about within one granuloma. These 
cells were quite like Langhans’ giant cells, differing from the foreign 
body giant cells of acute pneumonitis. The nuclei of these Langhans’ 
cells were mostly reticular, but many were pyknotic. Sometimes the 
nuclei were polar, sometimes circumferential, and occasionally they 
were scattered without pattern in a local area in the cell. The number 
of nuclei in cross sections of giant cells varied from 4 to more than 30. 
Many of these cells- were in various stages of degeneration. Most had 
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brightly eosinophilic, slightly granular cytoplasm, but many had foamy 
or vacuolated centers. In 2 cases, there were rare asteroid inclusion 
bodies similar to those described by Wolbach.® 

Associated with the granulomas, sometimes enclosed in the cyto- 
plasm of a Langhans’ giant cell, were the conchoidal bodies to which 
reference has been made above. They varied from 20 to more than 
100 ft in greatest diameter, and were usually roughly ovoid. Those 
within giant cells sometimes were so large that only a thin rim of cyto- 
plasm and nuclei surrounded them. Those which were not in giant 
cells were invariably lying either within fibrous tissue or granular 
eosinophilic debris, and they had the appearance of having outgrown 
an enveloping giant cell. This has been seen by Schaumann,® who 
described the larger ones as lying in debris of giant cells which had 
“burst.” In some cases these bodies were so numerous that nearly 
every low-power microscopic field had at least one in it. In other cases 
a few were found only after extensive search. These bodies were 
seen in n of the 13 cases of chronic granulomatosis. The conchoidal 
bodies are believed to be identical with those of Bpeck’s sarcoid. They 
were blue to black in hematoxylin and eosin preparations, red in van 
Gieson’s preparations, and gave a strongly positive reaction for iron. 
They were not impregnated with silver salts by Laidlaw’s method. 
Their origin is unknown, and, as pointed out by Schaumann, has been 
the subject of considerable controversy. 

The final stage of the granuloma was seen in sections from 5 cases. 
This was a single nodule, or a coalescence of several nodules, which 
had become completely fibrotic (Figs. 10 to 13). Superficially, these 
resembled the nodules of silicosis, but instead of the tissue being more 
or less regularly whorled, the strands tended to take a circumferential 
direction. These fibrous nodules showed relatively little hyalinization, 
as compared to silicosis, and the individual fibrils were fairly well 
distinguished. Finally, silver impregnation in these cases failed to 
reveal central, deeply argentophilic material of the t5rpe described by 
Belt.^° 

Microscopic examinations of tissues from persons who died of 
granulomatosis, utilizing ultraviolet illumination, have revealed fluo- 
rescent granules in the lungs of some cases. These studies will form 
the basis of a subsequent report. The lungs of all cases were examined 
for acid-fast organisms, and none were found. 

Alterations of the pulmonary blood vessels included perivascular 
fibrosis and nodules encroaching on the adventitia in all cases. In one 
case there were also numerous thrombi in the smaller tributaries of the 
pulmonary veins, and these showed advanced organization. The intimal 
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tunics of the larger arteries were thickened in all cases by the presence 
of large foam cells of the type common in atherosclerosis. This was 
due presumably to hypertension of the lesser circulation as a result 
of the narrowing of the capillary beds. 

Bronchopulmonary and Mediastinal Lymph Nodes . 

The bronchopulmonary and mediastinal lymph nodes in cases of 
acute pneumonitis were hyperemic, and their sinusoids were filled or 
partially filled by large mononuclear cells. These cells resembled 
those which comprised most of the pulmonary exudate. They were 
actively phagocytic, as evidenced by the fact that the cytoplasm of 
many enveloped debris of disintegrated cells, whole lymphocytes, or 
partially disintegrated erythrocytes. The majority of these cells had 
foamy cytoplasm. The follicles showed relatively little change in most 
instances, but in one case their centers were in various stages of 
degeneration. These changes ranged from disappearance of single 
cells or pyknosis of nuclei to complete necrosis of the central regions 
with conversion of the centers to eosinophilic granular debris. The 
lymph nodes of 2 patients had small hyalinized masses of connective 
tissue, which were relatively acellular and presumably represented old, 
healed, tuberculous lesions. 

The bronchopulmonary and mediastinal lymph nodes in chronic 
granulomatosis showed changes which reflected those in the lungs. 
These were fibrosis, granulomas, and giant cells. In those cases in which 
conchoidal bodies were present in the lungs, they were found also in 
the lymph nodes. In the nodes of several patients there were masses 
of connective tissue which resembled healed tubercles. 

Lesions in Other Viscera 

The other viscera in the group representative of acute pneumonitis 
were normal, with one exception. The latter individual had marked 
centrolobular necrosis of the liver, which was so extensive in most 
areas that the middle zones also were necrotic. The necrotic regions 
retained the general architectural arrangement of the liver, the paren- 
chymal cells having been converted to granular eosinophilic ghosts. 
There were numerous leukocytes of the polymorphonuclear type in- 
filtrating many of the necrotic regions, while other lobules with necrotic 
centers had no infiltrating cells (Fig. 15). In the same patient there 
were several focal areas of coagulation necrosis in the vertebral bone 
marrow. The other organs were normal. 

The only lesions outside of the respiratory tract and its lymph 
nodes, resembling the lesions.of chronic granulomatosis, were found in 



1148 


DUTRA 


the liver of one patient. These consisted of granulomas within the 
lobules, consisting of masses of fibrinoid material or of loose connective 
tissue in which were numerous lymphocytes and plasma cells. Occa- 
sional granulomas contained Langhans’ giant cells near their centers. 
There was considerable fibrosis throughout this liver. In some places 
the connective tissue formed strands which gave the liver the appear- 
ance of a cirrhosis of peculiar type. There were polymorphonuclear 
leukocytes in moderate numbers, as well as lymphocytes and plasma 
cells, scattered throughout the strands of connective tissue. In one 
other patient, still alive, a biopsy of the liver revealed similar granu- 
lomas, and specimens taken for biopsy of cervical and axillary lymph 
nodes in several other cases have contained granulomas. In every fatal 
case, there was thickening of the myocardium of the right ventricle 
with hjrpertrophy of the muscle fibers. The livers and other viscera in 
these cases showed evidences of chronic passive hyperemia. 

The So-Called Neighborhood Cases 

In the vicinity of industrial plants which are extracting or utilizing 
beryllium, physicians have become conscious of the hazard to health 
from fumes or dusts which contain this metal. Pulmonary fibrosis 
occurring in persons living near a beryllium-handling plant has raised 
the question of the possibility that beryllium was the cause of the 
fibrosis. Some such cases have already been shown not to be related 
to' beryllium. Tissues from 2 bodies, concerning which the only 
exposures had been residence in the neighborhood of a beryllium- 
reduction plant, were submitted to the Kettering Laboratory for study 
and analysis. The pulmonary lesions were found to be those of beryl- 
lium granulomatosis. In one of these cases an attempt to isolate 
beryllium from the lungs failed, while in the other case it was possible 
to isolate 0.93 fig. of beryllium per 100 gm. of lung tissue. 

Discussion 

There is considerable evidence that the conditions described are 
the result of the inhalation of fumes or dusts which contain beryllium. 
The fact that compounds of beryllium are capable, in themselves, of 
producing inflammation and fibrosis has been demonstrated by work 
at the Saranac Laboratory,®’® as well as by experiments being con- 
ducted at the Kettering Laboratory. Lesions identical with those in the 
lungs of man have not been reproduced in experimental animals, but 
fibrosis and granulomas which closely resemble human lesions have 
resulted in the lungs of animals after exposures to beryllium dusts.® 
The constant recovery of beryllium from the tissues of persons who 
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have died with either acute pneumonitis or chronic granulomatosis 
further attests the relationship of this metal to the pulmonary condi- 
tions. Its relationship to the specific granulomas is apparent in the 
cases of cutaneous and subcutaneous granulomas which resulted from 
accidental introduction of phosphors into these tissues. 

Since the position of beryllium on the periodic chart of the elements 
is among metals which are not regarded as disease-producing, beryl- 
lium has been suspected of having unique properties to account for its 
pathogenicity. A number of physicians who are acquainted with the 
beryllium problem have speculated on the possibility that radioactivity 
might account for some or all of its harmfulness. I am not sympathetic 
with this suggestion since repeated examinations of products from 
which pathogenic fumes and dusts have been derived have yielded no 
evidences of radioactivity. 

The lesions of acute pneumonitis of beryllium workers are not spe- 
cific for that condition in their earlier phases. The pulmonary edema 
and mononuclear exudate are similar to the lesions produced by the 
inhalation of cadmium fumes, and manganese fumes seem to have 
caused an analogous condition in the lungs of experimental animals.^ 
Klneeland and Smetana have described the lungs in a fatal case of 
atypical pneumonia, wherein they stated that large mononuclear cells 
formed the most prominent part of the exudate. Furthermore, there 
was a marked tendency to proliferation of fibroblasts and laying down 
of collagen in the alveolar walls and in the perivascular regions. The 
lesions of the lungs in Q fever are also similar to those of the early 
phases of acute beryllium pneumonitis. In Q fever, the alveoli contain 
large clasmatocytes and there is infiltration of the alveolar walls by 
lymphocytes and plasma cells. Acute beryllium pneumonitis can be 
differentiated from pneumonia due to Friedlander’s bacillus, with its 
exudate of large mononuclear cells, by bacteriologic methods; in the 
latter, the organisms can be cultured from the lungs, and they are 
also readily stained in tissue sections. On the other hand, the history 
of exposure to beryllium and the recovery of this metal from the urine 
, before death or from the lungs removed at autopsy serve to differen- 
tiate beryllium pneumonitis from all other conditions. 

With the beginning of the development of granulomas, as early as 
2 weeks after the onset of acute pneumonitis, the character of the 
lesions comes to differ from that of any other pathologic process. 
Transitional stages, from the nodules in acute pneumonitis to well 
defined specific granulomas in chronic granulomatosis, are clearly pre- 
sented in the material reported here. The lesions of chronic granuloma- 
tosis of beryllium vrorkers resemble to some extent those of several 
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Other more or less well defined conditions. Among these are Boeck’s 
sarcoid/'"’ “acute diffuse interstitial fibrosis,” and pulmonary fibrosis 
in a man who worked with radioactive metals.^" 

Beryllium granulomatosis has been confused with Boeck’s sarcoid 
by clinicians, radiologists, and pathologists. Several persons now be- 
lieved to have beryllium granulomatosis have been considered previ- 
ously to be suffering from Boeck’s sarcoid on the basis of roentgeno- 
grams and biopsies of lymph nodes. Differentiation between these 
conditions can be made readily by microscopic examination of the 
tissues. The specific granuloma of sarcoid is comprised characteris- 
tically of a mass of fairly compact epitlielioid cells which usually 
surround a central giant cell. The giant cells tend to be large, and to 
have many (usually about 25 or 30) peripheral nuclei. The entire 
nodule is surrounded by loose connective tissue in which there are 
nearly always a number of lymphocytes. There is little or no fibrosis 
or exudate, apart from that actually related to the granulomas. In pul- 
monary granulomatosis of beryllium workers, on the other hand, the 
granulomas only rarely have giant ceils at their centers, and these giant 
cells differ from those in Boeck’s sarcoid, in that there is great variation 
in the number of nuclei (from as few as 4 to more than 30). Typical 
epithelioid cells are seldom a part of the granulomas. Most of the granu- 
lomas in the lungs of beryllium workers have either fibrinoid material 
or granular necrotic eosinophilic debris at their centers. The granu- 
lomas in beryllium disease are infiltrated with moderate numbers of 
lymphocytes which are found even within the granular central debris. 
Furthermore, in beryllium disease, there is diffuse intraseptal fibrosis 
of a type never seen in Boeck’s sarcoid. The large mononuclear cells 
found in the alveolar spaces in beryllium granulomatosis are not seen 
as a part of Boeck’s sarcoid. Tissues from 7 cases of typical Boeck’s 
sarcoid have been analyzed for beryllium at the Kettering Laboratory, 
and this metal was not found in any of them. 

The cases of diffuse pulmonary fibrosis described by Hamman and 
Rich and the case of pulmonary fibrosis described by Belt do have 
the diffuse fibrosis of the lungs found in beryllium granulomatosis, but 
in neither of these diseases have granulomas or other nodules been 
described. Furthermore, the cases of Hamman and Rich differed from 
those in the beryllium workers in that there was virtually no exudate 
in the former. 

Conclusions 

Exposures to dust and fumes containing beryllium have resulted in 
a number of cases of pulmonary disease. These are of two fairly 
distinct clinical types: an acute pneumonitis and a protracted pul- 
monary fibrosis and emphysema. 
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The pulmonary lesions in these two clinical conditions are specific 
and there is evidence of transition of the pathologic lesions of the 
acute condition to those of the chronic one. 

In the acute pneumonitis there is a boggy, generalized consolidation 
of lobes, simulating to some extent the stage of gray hepatization in 
lobar pneumonia. Microscopically, there is diffuse intra-alveolar exu- 
' date composed of large mononuclear phagocytes (septal cells) and 
edema fluid. Intraseptal lymphocytes and plasma cells are also fairly 
numerous. In one case centrolobular necrosis of the liver has been 
seen. ^ 

With chronic pulmonary fibrosis (granulomatosis), the lungs have 
been voluminous and emphysematous. Scattered diffusely throughout 
the lungs were many fine nodules. Enlargement of the right ventricle 
of the heart was constantly present in these cases. Microscopic charac- 
teristics include diffuse interstitial and nodular fibrosis of the lungs 
together with a peculiar granulomatous reaction. 

The granulomas which are typical of beryllium disease are formed 
in part within alveolar spaces by the organization of exudate, and in 
part within the septal and peritruncal connective tissues. They are 
comprised of central regions of fibrinoid material or granular debris, 
and the central regions are surrounded by a peripheral zone of fibrosis 
in which there is an infiltration of lymphocytes and plasma cells. The 
centers of the granulomas are occasionally occupied by giant cells of 
the Langhans’ t5^e. There are conchoidal bodies in most cases, some- 
times within giant cells, sometimes lying free in debris or in fibrous 
tissue. 

Granulomas similar to those of the lungs have been found in the 
skin and subcutaneous tissues into which beryllium oxide or phosphors 
have accidentally been introduced. These lesions provide further proof 
of the pathogenic nature of beryllium. 

I wish to express my gratitude for clinical data and for the opportunity to 
examine tissues to Drs. Morris Carmody, J, M. DeNardi, H. S. Martland, H. T. 
Karsner, J. B. Hazard, and Willard Machle. The photomicrographs were pre- 
pared by Mr. J. B. Homan. 
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DESCRIPTION OF PLATES 


Plate 185 

Fig, I. Exudate comprised of clasmatocytes, lymphocytes, and plasma cells. Acute 
pneumonitis (case C-2). X 320. 

Fig. 2. Early stage of nodule formation. Septal cells desquamating in sheets in upper- 
most alveoli. Fibrinoid material in nodules. Acute pneumonitis (case D-3). 
X 250. 
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Plate i86 

Fig. 3. Nodule forming -within alveolar space. Acute pneumonitis (case D-3). 
X 250. 

Fig. 4. A well formed granuloma in the wall of the septum. Serpentine fibrinoid 
material is surrounded by loose collagen. A-cute pneumonitis (case D-3). 
X 250. 
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Fig. 5. Advanced granuloma formation and cellular reaction. Acute pneumonitis 
(case C-2). X 160. 

Fig. 6. Silver preparation showing organization of exudate into granulomas and 
formation of granulomas in septal walls. Acute pneumonitis (case C-2). 
X 160. 
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Plate i8S 

Fig. 7. Two granulomas in alv-eolar walls. Chronic granulomatosis (case C-i). 
X 160. 

Fig. 8. Coalescence of granulomas. Chronic granulomatosis (case C-i). X 160. 


1158 



American Journal of Pathology. Vol. XXIV 


Plate i: 





*• K, ^ k >» 

- X 'U * H ».. 'I * I , 


'<1| £■„> .v** 

■ti I t:*' ♦'vi'4,^ 


,** 'i' o v’".^ fP 
•'i. '‘- i- . ' % "» *'' • ■ • 



r ‘J 








wi'a jv-d 


i«« '‘’*•4 -'] 

■* ^ 



Dulrn 




”59 






A %tj 

Beryllium Pneumonitis 


Plate 189 

Fig. 9. Conchoidal bodies. One is within a giant cell and the other lies free in debris 
within a granuloma. Chronic granulomatosis (case C-i). X 320. 

Fig. 10. Fibrosis of a granuloma, early stage, showing thick bands of relatively 
acellular tissue infiltrated with lymphocytes. Chronic granulomatosis (case 
C-i). X 160. 

Fig. II. a more advanced stage of fibrosis of a granuloma from a case of chronic 
granulomatosis (case F-i). X 160. 
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Plate 190 

Fig. 12. A fibrous nodule surrounded by granulation tissue. The absence of Avhorls 
and dense hyalinization differentiate this nodule from those of silicosis. Chronic 
granulomatosis (case E-i). X 125. 

Fig. 13. A conglomerate fibrous nodule. Chronic granulomatosis (case A-i). X S5, 
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PARAGANGLIOMAS 

Review of Subject and Report of Five Original Cases * 

Osborne A. Brines, MX)., and Elmer R, Jennings, M.D. 

{From the Department of Pathology, Wayne University, and Receiving Hospital, 

Detroit, Mich.) 

Since Manasse ^ first described an undoubted case of paraganglioma 
of the suprarenal gland, many interesting facts have come to light 
regarding these rare tumors. Kohn ^ described the chromaffin system 
to which these tumors are related. Suzuki ® first reported a case asso- 
ciated with neurofibromatosis. Labbe, Tinel, and Doumer ^ described 
the clinical S5nidrome of paroxysmal h5ipertension. However, most of 
the papers dealing with this subject have been isolated case reports 
with emphasis on some one phase or another. It is our primary 
purpose to review the literature of this subject, and on the basis of 
embryogenesis and histology of the paraganglion cells, to evaluate the 
previously reported cases and to add 5 cases not previously reported. 

ORIGIN AND DISTRIBUTION OF PARAGANGLION CELLS 

Hollingsworth ^ has recently reviewed the literature concerning the 
development of the sympathetic system. By a process of maturation 
and differentiation, ganglion cells of the sympathetic system, para- 
ganglion cells, and the sheath cells (Schwann or neurilemma' cells) are 
derived from the cells of the neural crest. The cells destined to become 
paraganglion cells migrate to the dorsal surface of the sympathetic 
ganglia to form small, rounded masses in depressions of these ganglia. 
Because of this close association, the term paraganglion has been 
applied. Similar masses occur in the sympathetic plexuses, the best 
known of which are the organs of Zuckerkandl which develop along 
the aorta near the root of the inferior mesenteric artery. Similar col- 
lections of these cells have been described in the liver, testes, kidneys, 

\ 

and heart. The paraganglion cells which form the suprarenal medulla 
are derived from the celiac plexus; in embryos of 7 weeks, masses of 
these cells grow into the cortical primordium (from mesoderm) and 
gain a central position. 

Several other tissues have been included in the paraganglionic or 
chromaffin system, prominent among which are the carotid body, the 
argentaffin cells of the appendix and intestines, and the coccygeal body. 
The most dispute has concerned the carotid body. Kohn,^ studying 
man and the pig, thought the carotid bodies belonged to the paragan- 
glionic system. He stated that the cells of these tissues are chromaffin 
cells; that brown granules appear with the use of chromate solutions. 

♦Received for publication, December 13, 1947. 
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It is true that the, carotid body of pigs contains chromafiin cells, but 
other workers ® do not agree that human carotid bodies have chromaffin 
cells. The carotid body arises from the mesenchyme of the wall of the 
third branchial cleft and is closely related to the development of a 
branch of the glossopharyngeal nerve; thus, its origin is different from 
that of the paraganglion cells. Smith ® has shown that its connections 
with the cervical sympathetic nerves are made late in the development 
of the embryo. She stated that chromaffin cells are not constant in the 
carotid body of man or the rat, but can be regularly demonstrated in 
those of the pig and cow. Furthermore, neither epinephrine nor any 
related vasopressor substance has been demonstrated in the carotid 
body or tumors derived therefrom. Boyd,"^ in a recent review of the 
subject, definitely rejected the idea that the carotid body be included 
in the paraganglionic system. Because of the inconstancy of the 
presence of chromaffin cells, because epinephrine has never been dem- 
onstrated and, most important of all, because of the difference in 
embryologic development, we will not consider tumors derived from 
the carotid body as paragangliomas. 

There has been less dispute concerning the inclusion of the argentaf- 
fin tumors of the appendix and intestine with paragangliomas. Masson,® 
after studying 50 cases of carcinoid of the appendix, confirmed 
Huebschmann’s ^ suggestion that argentafiin cells are chromophilic, 
but pointed out several reasons why these tumors should not be cata- 
logued with the paragangliomas. First, the argentaffin cells are not 
derived from the neural crest, but are of entodermal origin. Masson 
wrote: “All the argentaffin cells enclosed in the nerves result from 
intranervous budding from the glands of Lieberkiihn. The budding 
epithelia then separate from their gland matrix, migrate into the nerves 
of the mucosa and differentiate.” Further, the argentaffin cells often 
contain lipoid substances and these are not seen in paraganglion cells. 
De Castro^® has shown that the chromaffin reaction sometimes obtained 
in the carotid body does not depend upon the presence of epinephrine 
as the reducing substance, but rather on the action of the lipoids con- 
tained in these cells. The same might apply to the lipoids of argentaf- 
fin cells and the positive chromaffin reaction. 

Lewis and Geschickter included argentaffin tumors in their series 
of paragangliomas, but Geschickter now considers their exact origin 
to be less certain. For the reasons stated by Masson,® in addition to 
the fact that no epinephrine or similar substance has ever been demon- 
strated in these tumors, we prefer not to include argentaffin tumors 
with paragangliomas. 

Some early writers have compared the coccygeal body with the 
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carotid body and so have included it in the paraganglionic system. 
Because it has nothing in common embryologically with paraganglion 
cellS; we shall not consider it here. 

CHROMAFFIN REACTIONS 

Bennett, in describing the suprarenal medulla of the cat, presented 
an excellent survey of the history and the significance of the chromaffin 
reaction. Henle reported that a dark brown color appeared in the 
suprarenal medullary cells if they had been subjected to the action of 
chromic acid or potassium dichromate. Following the identification 
and S3mthesis of epinephrine shortly after 1900, it became known that 
the hormone could be easily oxidized and that the oxidized epinephrine 
was brown. Hartman and Blatz used the chromaffin reaction to 
indicate the presence of epinephrine in the suprarenal medulla. Ogata 
and Ogata thought that the brown color was caused by a precipitate 
formed by the interaction of epinephrine and chromium compounds. 
For the following decade the chromaffin reaction was used to indicate 
the amount of epinephrine in the tissues. In 1930 Gerard, Cordier, 
and Lison showed clearly that the brown color could be produced 
by mixing epinephrine with strong oxidizing agents other than chromi- 
um compounds. This reaction, then, was not really a demonstration of 
chromaffinity, but a nonspecific reaction between epinephrine (and 
related compounds) and strong oxidizing reagents such as solutions of 
potassium iodate. The term chromaffin reaction is apparently a nus- 
nomer since the reaction depends on an oxidation reaction and not on 
chromium affinity. Organic substances which form these complex 
compounds with oxidizing agents include epinephrine, hydroquinone, 
resorcinol, aniline, pol3q)henols, and many others. 

Bennett stated that some of these compounds must be present in 
all tissues of the body and must account for the light brown color seen 
in all tissues fixed in dichromate. The much darker color of the supra- 
renal medulla and paraganglia merely indicates a greater concentra- 
tion of these fuscogenic substances. 

Because the chromaffin test is nonspecific, one should not classify 
a tumor as a paraganglioma simply because of the presence or absence 
of a positive reaction. Of greater importance are its origin from cells 
which have been derived from the neural crest and the presence in it 
of cells capable of secreting a pressor substance. In a practical sense, 
then, when one is attempting to classify a tumor suspected of being a 
paraganglioma he should consider the site of origin and the histologic 
resemblance to paraganglion cells of the suprarenal medulla. The 
histologic appearance may vary greatly and may be of little' help in 
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classifying and identifying these tumors. We shall consider as being' 
typical paragangliomas only those tumors which arise in the suprarenal 
medulla, or in association with the sympathetic ganglia, or in the 
sympathetic plexuses. The discussion will thus be limited and the statis- 
tics presented will be at variance with those by authors who have 
employed the term in a less restricted fashion. 

Report of Cases 

Case I 

A Negro housewife, 43 years of age, was first admitted to the Detroit Receiving 
Hospital on December 31, 1945, because of vaginal bleeding and weakness of $ days’ 
duration. The positive physical findings included pale mucous membranes, soft 
cervix with patulent os, and a large nodular uterus. Serologic tests for syphilis were 
negative and the hemoglobin value was 7.0 gm. per 100 cc. of blood. The clinical 
impression was complete abortion, multiple leiomyomas of the uterus, and secondary 
anemia. Treatment consisted of pituitary preparations and multiple blood trans- 
fusions. She responded well and was discharged on January ii, 1946, to return 
to the out-patient department. The blood pressure was not elevated. She w'as re- 
admitted to the hospital on May 30 in order that definitive treatment for the uterine 
tumors could be carried out. At this time the blood pressure w'as 110/70 mm. Hg. 
The remaining physical findings suggested only multiple leiomyomas of the uterus 
and secondary anemia. On June 5 supracervical hysterectomy and appendectomy 
were performed without incident through a midline incision. While exploring the abdo- 
men a retroperitoneal tumor w'as palpated slightly to the right of the midline and 
at the level of the third lumbar vertebra. This mass was black, moderately firm, 
and measured about 6 cm. in maximum diameter. The peritoneum was incised and 
the mass was found to be attached by a small pedicle to the retroperitoneal tissue. 
The exact relation to the abdominal aorta was not determined. The postoperative 
course W'as uneventful and the patient w'as discharged on June r 7 to the out-patient 
department. In the succeeding 5 months she was followed at regular intervals and 
her progress w'as very satisfactory. 

The specimen consisted of a thinly encapsulated, firm neoplasm 
weighing 30 gm. and measuring 5 by 3 by 2.5 cm. The formalin in 
which the tumor was immersed was colored brown. Approximately 90 
per cent of the tumor was blue-black, there being a small, light-pink 
area at one end. The demarcation between the pigmented and non- 
pigmented portions was abrupt. Numerous slit-like cavities were seen 
in the pigmented portion. The tumor was composed of irregular 
polygonal cells arranged in solid groups, which were separated one 
from another by a delicate connective tissue stroma and thin-walled 
capillaries. In sections prepared from the pigmented areas the neo- 
plastic cells contained a granular pigment, which on low-power exam- 
ination appeared black and with higher magnification appeared brown- 
black. Sections from the light areas were almost devoid of pigment. 
The capillaries, stroma, and alveolar pattern were more prominent in 
the pigmented areas. The Prussian blue reaction for the presence of 
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iron was negative. Dopa and chromaffin tests were not done on the 
fresh material. Staining with the Mallory-Heidenhain technic, -as 
recommended by Gomori,^’^ gave negative results. This is an azo- 
carmine stain with which substances related to epinephrine appear as 
violet granules in the cytoplasm of chromaffin cells. The pigment 
was darkened by aqueous silver nitrate and bleached with hydrogen 
peroxide. 

Anatomic Diagnoses. Paraganglioma, benign, retroperitoneal. 

Case 2 

The patient "was a Negro male, 34 years old, who was admitted to Detroit Re- 
ceiving Hospital because of headaches of several months’ duration associated with 
dizzy spells, nausea, and vomiting. He stated that he had innumerable tumors over 
his entire body since childhood. His blood pressure was 180/140 mm. Hg. The re- 
mainder of the physical examination was negative except for the cutaneous nodules 
and hypertensive retinopathy. Routine laboratory studies revealed little of note. 

A calcific mass, apparently within the left kidney, and a similar mass in the right ' 
upper abdominal quadrant were demonstrated radiographically. The patient was 
discharged and re-admitted 7 months later. It was then that the diagnosis of para- 
ganglioma was suspected, for it was learned that laughing or change in his position 
would precipitate an attack of the previously described symptoms. Confirmatory 
tests were done, including perirenal insufflation for roentgenographic study. His 
attacks continued and he died, apparently in shock, before surgical treatment for 
his disease could be performed. 

Multiple, discrete, cutaneous tumors varying from i mm. to 4 cm. 
in average diameter were distributed universally. There was an equino- 
varus deformity of the left foot. Examination of the contents of the 
cranial cavity revealed mild fibrosis of the leptomeninges. In the 
right cerebral hemisphere there was an elongated softening of the white 
matter. There was also a small hemorrhage in the pineal body. The 
heart weighed 425 gm^. with a ventricular ratio of 3.0 (normal, 1.6 to 
2.0). The peritoneal cavity contained 500 cc. of clotted and unclotted, 
recently shed blood. Beneath the right leaf of the diaphragm there 
was a hematoma, partially organized, measuring 8 cm. in maximum 
dimension. Within the spleen there was a subcapsular hematoma 4.5 
cm. in diameter. In the walls of the esophagus, stomach, duodenum, 
small intestine, and large intestine were numerous firm, yellow-white 
tumors varying in size from 2 mm. to 2 cm. In the medial pole ol the 
right suprarenal gland there was an encapsulated, spherical tumor, 

3.5 cm. in diameter, which was reddish brown and hemorrhagic, and 
weighed 19 gm.; the uninvolved portion of the suprarenal gland 
weighed 5 gm. The opposite suprarenal body was diffusely enlarged, 
measuring 7 by 3 by i cm. and weighing 16 gm. Serial sections re- 
vealed no nodular lesion. Between this suprarenal body and the 
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superior pole of the kidney there was an area of recent hemorrhage 
measuring 4 cm. in maximum dimension. 

In the brain there were atherosclerosis, arteriolar sclerosis, and 
thrombosis associated with multiple areas of softening and glial pro- 
liferation. The subcutaneous tumors and those throughout the gastro- 
intestinal tract were composed of encapsulated masses of interlacing 
bundles of fibrillar connective tissue with elongated nuclei, and no 
definite nerve bundles were seen in the sections examined. The lungs 
showed diffuse pulmonary edema, purulent bronchitis, passive conges- 
tion, and confluent lobular pneumonia. Nothing remarkable was noted 
in the sections prepared from the gastro-intestinal tract save for the 
previously described neurofibromas. In the kidneys, definite arteriolar 
sclerosis was seen which was indistinguishable from that frequently 
associated with essential hypertension. In addition a recent intra- 
capsular hemorrhage was noted. 

The suprarenal tumor was composed of polygonal cells measuring 
about 35 fjt, in maximum dimension which contained large vesicular 
nuclei with one prominent nucleolus per cell. The cytoplasm contained 
very fine, densely packed granules which were stained purple with 
hematoxylin and very closely resembled those of the secretory cells 
of the normal suprarenal medulla. These cells were arranged in cords 
and nests which were surrounded by a delicate connective tissue stroma. 
The tumor was highly vascular, containing many thin-walled capillaries 
and sinusoidal spaces, often markedly dilated. Some of the tumor 
cells were smaller (15 ft), more pink, and had dense nuclei without 
nucleoli. A portion of the tumor was placed in Orth’s solution in order 
to demonstrate possible chromaffinity of the cells. When stained with 
Schmorl’s technic^® the nuclei appeared deep blue-green while the 
cytoplasm of the tumor cells contained numerous, very fine, yellowish 
green granules. Confirmation of this positive chromaffin reaction was 
obtained by staining formalin-fixed tissue with Heidenhain’s azocar- 
mine according to Gomori’s suggestion.’^'’'' With this technic, the gran- 
ules were violet, corresponding to the granules of the suprarenal 
medulla which was used as a control. An interesting incidental feature 
was that the nucleoli of the tumor cells stained brilliant red. 

Anatomic Diagnoses. Paraganglioma, benign, right suprarenal gland; 
neurofibromatosis, skin and gastro-intestinal tract; heart disease, 
hypertensive, with left ventricular hypertrophy; pneumonia, lobular, bi- 
lateral; hemoperitoneum; hematoma, subcapsular, spleen, kidney; ar- 
teriolar sclerosis, generalized; encephalomalacia; talipes equinovarus, 
left; kyphoscoliosis, thoracolumbar spine. 
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Case s 

The patient was a Negro male, 33 years of age, who was admitted to the Medical 
Service, of the Detroit Receiving Hospital with a chief complaint of constipation, 
gas on the stomach, nausea, vomiting, and hiccoughs of 3 days’ duration. He had 
had epigastric pain, relieved by soda and milk, for 10 years. The vomitus had been 
bloody on two occasions during the week prior to admission. He had had malaria 
as a boy and there was an indefinite history of syphilitic chancre 11 years before 
admission. Physical examination revealed slight icterus, decreased expansion of the 
right chest, and flatness. There was no cardiac hypertrophy;- the abdomen displayed 
only slight tenderness, some distention, and spasticity of the rectus muscle on the 
right side. No abdominal masses were palpated. Results of routine examination 
of the blood and urine were normal. The working diagnosis was cholecystitis with 
cholelitliiasis, and the patient was treated conservatively. During hospitalization, 
he became progressively worse and expired 5 days after admission. 

The principal positive findings at necropsy were in the abdominal 
cavity. Generalized peritonitis had resulted from perforation of two 
ulcers of the duodenum and stomach. In the left suprarenal gland 
there was a neoplastic nodule measuring 2.5 cm. in diameter, confined 
to the gland. The remaining viscera appeared normal. 

The neoplasm was composed of cells which varied greatly in size 
from 10 to 30 /X and were arranged in poorly formed cords and nests. 
The cells were roughly elliptical in most areas, but spherical in others. 
The cell boundaries were indistinct. The nuclei of the tumor cells, 
for the most part, contained moderately dense, diffusely distributed 
chromatin. However, the nuclei varied greatly in size and shape and 
contained no nucleoli. Some of the cells with indistinct outlines ap- 
peared to be giant cells and contained from two to five nuclei. The 
cytoplasm of the tumor cells was abundant and contained many fine, 
densely packed, violet-staining granules. Some of the tumor cells had 
undergone hydropic change. The stroma of the tumor, for the most 
part, was delicate, fibrous, and sparse. However, in some areas there 
was a very dense fibrous stroma. There were many dilated, thin-walled 
capillaries throughout the tumor. There was a moderate amount of 
necrosis and hemorrhage. At one edge of the section a rim of com- 
pressed suprarenal cortical tissue was seen. 

Anatomic Diagnoses. Ulcers, duodenal and gastric, with perforation, 
generalized peritonitis, and abscess formation; paraganglioma, benign, 
left suprarenal gland. 

Case 4 

A white female, 21 years old, was first admitted to the Detroit Receiving Hospital 
on December 6, 1937. She had known 'that she had high blood pressure for 6 years 
prior to admission. This hypertension had been discovered in 1931 as part of a 
general physical examination because of symptoms of nervousness, palpitation, and 
headache. During the succeeding years the symptoms became progressively worse 
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and were accompanied by nervousness and irritability. In 1934 a partial thyroid- 
ectomy was performed at another hospital, at which time there |Was moderate ele- 
vation of the basal metabolic rate. Following this operation her symptoms were 
somewhat relieved but later returned, and in 1937 she was hospitalized for a “nervous 
breakdown.” At this time her basal metabolic rate was plus 72 and another thyroid 
operation was performed. She felt better for a short time, but her symptoms re- 
turned and she became progressively worse. At the time of admission to the Detroit 
Receiving Hospital she was complaining of palpitation, headache, flushed face, and 
nervousness. Physical examination revealed only minimal changes of the vessels 
in the optic fundus. A remnant of the thyroid gland was palpable. The heart was 
moderately enlarged to the left with a systolic blowing murmur over the precordium 
and an accentuated aortic second sound. Blood pressure at the time of admission 
was 194/132 mm. Hg. Repeated determinations of the blood pressure revealed 
that the systolic pressure varied from 150 to 240 and the diastolic from 100 to 150. 
Routine studies of the blood and urine were normal. The Kline test was negative. 
The basal metabolic rate was plus 16. Blood cholesterol was 192 mg. per 100 cc. 
of plasma. An electrocardiogram indicated sinus tachycardia with no definite evi- 
dence of myocardial involvement. An excretor^^ urogram revealed a slight outward 
displacement of the right kidney, and in the position of the left suprarenal gland a 
definite area of calcification was evident. While on the ward her condition remained 
xmchanged. Marked variations in blood pressure determinations were noted. On 
January 18, 1938, an exploratory operation of the left suprarenal area was performed 
and a retroperitoneal tumor was found, situated superiorly and mesially to the upper 
pole of the left kidney and extending posteriorly along the spinal column at approxi- 
mately the level of the 12th thoracic vertebra. The anterior surface was covered by 
a complicated mass of veins of considerable size, some being 2 mm. in diameter. 
Intravenous fluids, including whole blood, were administered. The blood pressure 
fluctuated greatly; at one time the systolic pressure was 290 and a reading was un- 
obtainable at another time. All of the tumor was removed except the extreme pos- 
terior portion lateral to the spine. At this point in the operation the patient stopped 
breathing, and quantities of rust-colored, frothy fluid exuded from ttie nostrils and 
throat. Despite supportive measures, she expired. Permission for necropsy was 
not granted. 

The specimen was submitted in several pieces, having an aggregate 
weight of 20 gm. They were irregular, dark brown, and soft. The 
formalin in which the tissue had been immersed for 24 hours was 
discolored brown. The tumor cells were large, irregular, and contained 
hyperchromatic nuclei with abxmdant deep-staining cytoplasm. Many 
of the celb were vacuolated. There was a considerable variation in 
nuclear size and staining intensity. A few mitotic figures were seen. 
Some of the cells were multinucleated, containing two to four nuclei. 
Thick and thin-walled veins were present throughout the tumor. There 
was an incomplete, thick, fibrous capsule. A portion of the tumor was 
stained with Giemsa’s stain and no olive-green granules were seen. 
This, then, would be a negative chromaffin reaction with the Schmorl 
method.^® However, when the tissue was stained with azocarmine, 
there was a definite positive reaction, the cjdoplasm of the tumor cells 
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containing gray-blue, coarse granules. The nuclei were red except the 
large vesicular ones which had prominent red nucleoli. 

Anatomic Diagnosis. Paraganglioma, benign, retroperitoneal. 


Case 5* 

The patient was a white woman, 50 years of age, who had suffered from dyspepsia 
for many years. During the past 2 years she developed a chronic, persistent hyper- 
tension with blood pressure of approximately 160/90 mm. Hg. There was a gradual 
onset of exertional dyspnea and ankle edema which were relieved by the administra- 
tion of digitalis. Four days prior to hospitalization she was seized by an attack of 
nausea, vomiting, and severe pain in the right upper quadrant. At the time of 
admission to Woman’s Hospital her temperature was ioo.2°F.; pulse rate, 90 per 
minute; and blood pressure, 190/110 mm. Hg. There was tenderness on the right 
side of the abdomen associated with a poorly defined mass. The results of hema- 
tologic and urine studies were within normal limits. On November 21, 1936, 6 days 
after admission, a cholecystectomy was done. During the operation, the blood 
pressure fluctuated widely. The gallbladder was thickened and contained two large 
stones and a large amount of thick purulent material. Her postoperative course 
was satisfactory during the first 3 days. She then became apprehensive, nauseated, 
and vomited several times. Temperature, pulse rate, and respirations increased and 
she became comatose. She died 9 hours after the onset of these symptoms. 

There was a fairly well developed growth of hair on the upper lip 
and chin, but no other signs of masculinization. The heart weighed 
300 gm., but was otherwise normal. There was hemorrhagic edema 
of the lungs. The right suprarenal gland was diffusely enlarged and 
weighed 25 gm. The left suprarenal gland was replaced by a firm, 
encapsulated tumor which weighed 600 gm. and measured ii by 10 by 
8 cm. It was easily removed from the surrounding structures. On cut 
section, it was seen to be highly vascular, soft, and white in some areas 
and pink in others. The epinephrine content was ascertained according 
to the method of Folin, Cannon, and Denis and it was found that 
10.2 gm. of the tumor contained 24.6 mg. of epinephrine. This would 
indicate that the entire tumor contained about 1400 mg. of epineph- 
rine. 

In the sections prepared from paraffin-embedded tissue and stained 
with hematoxylin and eosin, the tumor cells were seen to be poly- 
hedral with indistinct cell boundaries. The average size of the cell was 
35 fi. The nuclei in most cases were large, vesicular, and nearly all of 
them had prominent nucleoli. Some cells appeared to be binucleated. 
The cytoplasm contained fine, violet-staining granules. The cells were 
arranged in cords and nests and were separated from one another by 
delicate connective tissue stroma with a rich capillary network. Some 

’^Reported with the permission of Drs. Earl G, Krug and D. C. Beaver, 
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of the capillaries were distended and contained very many white blood 
cells. There was a remarkable resemblance between the microscopic 
pattern of the tumor and the normal suprarenal medulla. There was 
no necrosis or hemorrhage. The capsule was incomplete. Many thin- 
and thick-walled veins were present. A portion of the tumor was 
fixed in a chromate solution and sections examined from this material 
revealed brown granules in the cytoplasm of the neoplastic cells. 

Anatomic Diag 7 ioses. Paraganglioma, benign, left suprarenal gland; 
hypertrophy, myocardial, mild; edema, hemorrhagic, lungs; gallblad- 
der, absence of, acquired. 

Review of the Literature 

The three terms commonly used in the literature by which these 
tumors are designated are paraganglioma, pheochromocytoma, and 
chromaffinoma. For reasons previously stated, chromaffinoma seems 
objectionable. Pick,^° in 1912, suggested that the term pheochromo- 
cytoma (tumor of dark-colored cells) be used for those tumors arising 
in the suprarenal medulla and that the extra-suprarenal tumors be 
called paragangliomas. Some authors have followed his suggestion, 
but since this separation is arbitrary and does not reflect a funda- 
mental distinction, we prefer to designate all of these tumors as para- 
gangliomas. This term seems most acceptable since it refers to the 
cells from which these tumors are derived. 

Many excellent reviews of the literature have appeared during the 
past 15 years. Belt and Powell collected all of the cases reported 
up to 1934. In 1941 Biskind, Meyer, and Beadner contributed a 
compilation of the cases treated surgically which had been reported 
prior to that time. Rosenthal and Willis reviewed all of the cases 
of paraganglioma associated with neurofibromatosis. Green studied 
the incidence of chronic hypertension and analyzed 50 reported cases. 
McGavack, Benjamin, Speer, and Klotz^® analyzed the reports of 
malignant paraganglioma. Mackeith,^® in his article submitted for 
publication in May, 1943, stated that 165 of these tumors had been 
described. Since that time approximately 40 more cases have been 
added. The 5 cases described in this paper bring the total number of 
reported cases to about 210. 

These tumors occur with equal frequency in the male and the female, 
chiefly during young adult life, and usually between the ages of 20 
and 50 years. However, the age variability is great: one of Finger- 
land’s"' cases was that of a 71-year-old male, and Soffer, Mencher, 
and Colp reported an active tumor occurring in a 7-year-old girl. The 
few reports of cases occurring in infants and very young children are 
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all highly atypical. The i-year-old infant described by Neff, Tice, 
Walker, and Okerblad displayed hirsutism, precocious development 
of the genital organs, and obesity. The tumor which occurred in the 
mediastinum of a 4-year-old boy, reported by Wahl and Robinson,^® 
contained neuroblastic elements with widespread metastases and thus 
does not belong in the category of paragangliomas. 

About 90 per cent of these neoplasms have occurred in the supra- 
renal glands and there is a slight, but definite, predilection for the right 
gland. All of the extra-suprarenal tumors have occurred in the ab- 
dominal cavity or retroperitoneal area except two. One of the two 
acceptable intrathoracic paragangliomas was reported by Philips from 
the apex of the pleural cavity, apparently arising from the first left 
thoracic ganglion. The second was reported by Miller as occurring 
in a paravertebral position in the right pleural cavity opposite the 6th 
interspace. Of those described as extra-suprarenal but intra-abdominal, 
10 have occurred in the organ of Zuckerkandl, 3 in the retroperitoneal 
area (including our first case), one at the hilus of a kidney, and one 
at the celiac ganglion. Many others have been reported in the carotid 
body, the appendix, and the sacrococcygeal body, but these tumors are 
not included in this review. Waaler has collected all of the extra- 
suprarenal paragangliomas reported up to 1945. 

These tumors are multiple in about 10 per cent of the cases. In 18 
reported cases they have occurred simultaneously in both suprarenal 
glands. The importance of this fact is emphasized in the report of 
Knake in which is described an ii -year-old boy who had one supra- 
renal tumor removed but died 5 weeks later. A similar benign tumor 
was found in the opposite suprarenal gland at necropsy. In addition 
to those with bilateral tumors, other reports describe apparently benign 
but multiple tumors.. One of Fingerland’s cases had a tumor of the 
right suprarenal gland and the organ of Zuckerkandl. The important 
clinical implications of these facts must be apparent. 

The tumors have varied in weight from 5 gm. to more than 2 kg. 
One tumor described by Soffer et al.^^ weighed 2 kg. after much blood 
had been removed. Typically, the tumors are encapsulated, spherical 
or oval, and reddish brown. Many are hemorrhagic and necrotic, and 
■have undergone cystic degeneration. Often a rim of suprarenal cortex 
can be seen at one edge of the specimen. In our case i the tumor was 
blue-black because of the high melanin content, but this is unusual. 

In the tumors which develop the more typical and characteristic - 
histologic pattern there is an unmistakable resemblance to the supra- 
renal medulla. The nuclei of the tumor cells are large, vesicular, and 
frequently have prominent nucleoli. The cytoplasm is abundant, mak- 
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ing each cell polygonal. Often fine granules can be seen in the cyto- 
plasm, even in sections prepared from formalin-fixed tissues and stained 
with hematoxylin and eosin. Frequently the cells are arranged in cords 
and nests and are separated by a delicate connective tissue stroma. 
Usually, there is an abundant capillary network. When fixed in Orth’s 
solution and stained by the Schmorl technic the nuclei are blue and 
the cytoplasm often contains olive-green granules. When fixed in 
formalin and stained with azocarmine, as suggested by Gomori,^^ the 
nucleus usually is pale, the nucleolus a brilliant red, and the cytoplasm 
often contains bluish violet granules. However, many of the tumors 
are atypical and may pose a problem in histologic diagnosis. Some 
tumors are composed of small cells with dark, pyknotic nuclei and no 
demonstrable nucleoli. The cells may be fusiform or spindle-shaped. 
Great variation in size and shape may be present, including the forma- 
tion of giant cells. The cytoplasm may be scanty and contain no 
granules. The reactions to the Schmorl and azocarmine stains may 
be negative. The cells may contain a large amount of melanin. Gan- 
glion cells may be present. The pathologist must then give special 
consideration to the clinical features of the case. 

It is difiicult to ascertain the real incidence of hormonal activity 
of these tumors. Before 1922, at which time the relationship of these 
tumors to paroxysmal hypertension was first clearly described,^ most 
of the reports consisted of necropsy findings and about one-half of the 
tumors apparently were inactive. During the past 20 years many clin- 
ical as well as pathologic diagnoses have been made and, quite natu- 
rally, the percentage of hormone-producing tumors has increased. 
During the past 4 years about 30 cases have been reported, all char- 
acterized by S3anptoms of epinephrine production. It is interesting 
that of the 9 tumors associated with generalized neurofibromas, only 2 
(including our case 2) have produced the suprarenal-sympathetic 
syndrome. 

There is some confusion in the literature concerning the frequency 
with which these tumors are malignant. McGavack ei al.^^ stated that 
only 8 cases of definitely malignant paraganglioma had been reported 
and that all of these were physiologically inactive, i.e., did not pro- 
duce the suprarenal-sympathetic syndrome. The following year Mac- 
keith stated that 17 malignant paragangliomas had been described 
and that some of them had been active. The reason for this disagree- 
ment is that Mackeith apparently accepted all of the cases reported as 
malignant, whereas McGavack critically analyzed all of the reported 
cases and accepted only about half of them. McGavack categorically 
stated that it is not possible to separate the malignant from the benign 
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tumors histologically, and that “all of the cases in which metastases 
did not occur should be classified as benign.” On this basis, he accepted 
only 7 cases and added another. We would insist upon invasion in lieu 
of metastasis as a criterion of malignancy. We believe that Fein and 
Carman’s case is a typical example of a benign paraganglioma in- 
correctly diagnosed. This patient was a 27-year-old female; at nec- 
ropsy an encapsulated tumor of the right suprarenal gland was found 
which was assayed and found to contain epinephrine. There was no 
cachexia and no local invasion by the tumor or metastasis. Further- 
more, the photomicrographs revealed a pattern which is compatible 
with that of a benign paraganglioma although the diagnosis given is 
medullary carcinoma of the suprarenal gland (malignant pheochromo- 
cytoma). Many similar examples could be cited to account for the 
disparity between the figures of Mackeith and McGavack. Since 
McGavack’s report, no acceptable malignant paraganglioma has been 
reported. The presence of multiple tumors does not constitute proof 
of malignancy. There have been 18 reported cases of bilateral para- 
gangliomas. McGavack has accepted as malignant only 5 cases with 
' bilateral tumors. The bilateral paragangliomas of the suprarenal gland 
reported by Knake®^ were clearly benign. Fingerland’s case in 
which tumors were found in the right suprarenal gland and the organ 
of Zuckerkandl was reported as one of benign neoplasm. 

In summary, it can be stated that a paraganglioma which is locally 
invasive or has metastasized should be considered malignant. If there 
are multiple tumors and one or more of the nodules is located where 
paraganglion cells are never found normally (e.g., lymph node or 
bone), it is a malignant neoplasm. If the tumor is well encapsulated 
but the cells appear to be anaplastic, the observer must be cautious 
in classifying it as malignant. If the tumors are multiple and all of them 
are situated where paraganglion cells are normally found (e.g., both 
suprarenal glands, one suprarenal gland and the organ of Zucker- 
kandl), again one must be cautious in interpreting one tumor as being 
primary and the others metastatic. 

For the 8 cases of malignant paraganglioma accepted by Mc- 
Gavack et the following features were observed: All occurred in 
the suprarenal gland; none was associated with paroxysmal hyper- 
tension or the suprarenal-sympathetic syndrome; the age range was 
from 30 to 68 years with an average of 45.5 years; 5 of the 8 were 
bilateral; the outstanding clinical features were loss of weight, ca- 
chexia, and pain at the primary and metastatic tumor sites. In Mc- 
Gavack’s own case, the picture of cachexia was so extreme that diag- 
noses of Addison’s and Simmond’s diseases were considered. In 3 of 
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the 8, a palpable mass was present. The regional lymph nodes were 
involved in all. Other metastatic sites were as follows: Thoracic lymph 
nodes, s; liver, 4; bones, 3; limgs, 3; pleura, 2; skin, 2; intestines, i; 
kidney, 1. 

In several of the reported cases increased pigmentation of the skin 
has been described. There are two possible interpretations of this 
observation. The more obvious is that the expanding tumor has pro- 
duced pressure on the suprarenal cortex and that the increased pig-' 
mentation is a result of cortical deficiency. There is abundant evidence, 
both clinical and experimental, that deficiency of suprarenal cortical 
hormones causes deposition of melanin in the skin. At least 4 cases of 
paraganglioma have been reported in which clinical features of Addi- 
son’s disease were present.^“ In 2 there was excessive loss of sodium 
chloride in the urine and a retention of potassium. But the disturbing 
fact is that in none of these cases could encroachment on the supra- 
renal cortex be demonstrated. In McGavack’s^® case, for example, 
there was stretching of the cortex on the side of the tumor, but the 
opposite suprarenal gland was uninvolved, 'and serial sections of all 
endocrine glands revealed no significant change. The cause for the 
development of Addison’s sjmdrome remains obscure. The other pos- 
sible interpretation of the increased skin pigmentation is that it is 
related to neurofibromatosis, it being well known that areas of deep 
pigmentation often precede the development of neurofibromas. 

Before concluding a discussion of the relationship of paragangliomas 
to disturbed suprarenal cortical metabolism, mention should be made 
of LeCompte’s case of a 31 -year-old white female who displayed the 
si^s and symptoms of the androgenital syndrome. Since this S3mdrome 
is sometimes due to hyperfunction of the suprarenal cortex, it might be 
thought that stretching of the suprarenal cortex stimulated it to activ- 
ity, an effect exactly the opposite of that suggested in the preceding 
paragraph to explain the production of Addison’s syndrome. 

Many causes and mechanisms of death have been described for 
patients with paragangliomas. Of those with malignant tumors the 
cause of death was attributed to the cancer. Patients with tumors 
which were nonfunctional and apparently produced no epinephrine 
died of unrelated causes. When the epinephrine-sympathetic syndrome 
was present, the cause of death was usually attributed to some effect 
which the tumor produced. Very often the anatomic changes at death 
are minimal and the possibility of acute epinephrme intoxication arises. 
Dolgin”" reviewed the causes of death in some detail and cited the 
work of Raab on the toxic effects of epmephrine-like substances. 
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Effects of Epinephrine 

One of the most interesting aspects of these tumors, and certainly 
the one most widely discussed in the literature, is the physiologic 
change produced in the patient as the result of the production of an 
epinephrine-like substance. In this respect paragangliomas resemble 
the active islet cell tumors of the pancreas, the virilizing tumors of the 
ovaries and suprarenal cortex, the basophilic tumors of the pituitary 
body, and others. The first clear-cut description of the syndrome of 
paroxysmal hypertension was written in 1922 by Labbe, Tinel, and 
Doumer.^ Following this report there was rapid advancement in knowl- 
edge of the activity of these tumors. For several reasons it was natural 
for the early workers to suspect that they produced a substance simi- 
lar to epinephrine. The frequent occurrence of these tumors in the 
suprarenal gland, the histologic similarity to the suprarenal medulla, 
the chromaffin reaction, and the striking resemblance of the spontane- 
ous attacks of headache, hypertension, sweating, and pallor to the 
known physiologic effects of epinephrine all pointed to production by 
the tumor cells of a substance similar to epinephrine. That a vaso- 
pressor substance is present in an active paraganglioma can be demon- 
strated by several methods. The one most commonly used has been 
the injection of a neutralized acid extract of the tumor into a lightly 
anesthetized dog and a comparison of the pressor effect produced with 
the action of a known quantity of epinephrine. Hyman and Mencher 
prepared a solution from a patient’s blood while she was having an 
attack of paroxysmal hypertension. By perfusion of this material 
through a rabbit’s ear, they were able to demonstrate a pressor effect. 
That this substance was similar to epinephrine was further supported 
since the effect could be reversed by ergotamine. In several cases an 
elevated level of the blood potassium has been reported. The signifi- 
cance of this is apparent when one considers that the injection of 
epinephrine into a human being causes an elevation of blood potassium 
of as much as 87 per cent above normal.^*^ Epinephrine in a crystalline 
form was obtained from a tumor by Kelly, Piper, Wilder, and Wal- 
ters^® in 1936. DeVries, Mandl, Rachmilevitz, and Ungar^^ used a 
colorimetric method (Ewins’ test in a buffered solution) in estimating 
the epinephrine content of the tumor to be studied. Mortell and Whittle 
injected dogs intravenously with diluted fluid obtained from a cystic 
tumor which they encountered, and made direct measurements of the 
vasopressor effect. Furthermore, they cited Strombeck and Hedberg’s 
description of a chemical method based on the decolorization of methyl- 
ene blue. The latter had described a case of which, during the 
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pEroxysms of liyp6rtension, the blood contsined one thousEnd times 
the normEl Emount of epinephrine End during the remissions showed 
En epinephrine content which wes elevEted thirty-fold. It is true thEt 
these methods Ere often indirect End leEve much to be desired, but cer- 
tuinly they prove thEt epinephrine (or e substEnce closely Ellied to it) 
is often produced by these tumors. 

It is usuElly stEted thEt bio-EssEy of the tumor must be done shortly 
Efter it has been removed. However, nowhere hEve we found descrip- 
tions of decreasing vasopressor activity as the time interval between 
' removal and determination of epinephrine increased. In Mortell and 
Whittle’s case^® there was no decreased potency at the end of 48 
hours, when the tumor was stored in the ice box. Fingerland re- 
ported 2 cases in which he tested the formalin, alcohol, and Bouin’s 
solution in tumors which had been preserved for 6 years, and demon- 
strated a strong epinephrine reaction. Since epinephrine is readily 
destroyed by oxidation in alkaline solution, one should store material 
to be assayed in an acid solution. The amount of pressor substance 
contained in paragangliomas has been reported to vary from 6.7 to 
2300 mg.^® From the normal human adult suprarenal glands only 
about 8 mg. are recoverable. 

Varied clinical effects may be produced by these tumors. The S3m- 
drome first described and the one most often seen and recognized is 
that of paroxysmal hypertension. More recently, excellent reports 
have been made of cases simulating chronic essential hypertension,^"^’ 
diabetes mellitus,^'^ hyperthyroidism,^®’^® and ad5mamic ileus.^® Some 
patients have exhibited signs and symptoms of several of these cate- 
gories. Rodin has described in great detail the ophthalmologic 
changes which occur with this disease. Mackeith has discussed the 
electrocardiographic changes. In Mortell and Whittle’s case, electro- 
encephalograms were taken during the paroxysms and were found not 
to be altered. Hyman and Mencher measured temperatures of the 
peripheral skin and found them to be lowered, presumably because of 
vasoconstriction. In the 2 cases reported by McCullagh and Engel 
an elevated urea clearance was demonstrated, which suggests increased 
renal blood flow; ,in one there was also severe polyuria, arousing a 
suspicion of diabetes insipidus. 

Several tests have been devised which have been useful for studying 
a^ patient suspected of having a paraganglioma. All of them are 
similar in that they are attempts to provoke an attack. One of the 
first was suggested by Coller, Field, and Durant and consisted of a 
subcutaneous injection of a minute amount of epinephrine. Roth and 
Kvale^ have induced attacks with the use of histamine. The mecha- 
nism is tliought to depend upon the fact that histamine is antagonistic 
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to epinephrine and causes a temporary reduction in the circulating 
amount of that substance. However, the effect is temporary and thus 
the tumor responds with a “rebound” liberation of a large amount of 
epinephrine. Among the other methods might be mentioned the im- 
mersion of tlie feet in cold water (cold pressor test), the injection of 
insulin, and hyperventilation (which is thought to cause the diaphragm 
to press on the tumor). All of these tests have been successful in some 
cases and unsuccessful in others, so that there is little to recommend 
one rather than another. 

Perirenal air insufflation preparatory to radiographic examination 
has been advocated by Hyman and Mencher and has been very 
useful in their hands. Others have hesitated to employ this procedure 
because patients with these tumors are unstable and disastrous results 
have ensued. It may be that the attempted perirenal insufflation for the 
patient of our case 2 had something to do with his demise. Scout films 
of the abdomen have been helpful in many cases, for calcification in 
the kidney region has been seen. Often these shadows have been mis- 
interpreted as being tuberculous in origin. 

Relation to Neurofibromas 

In the second case of our series, an active paraganglioma of the right 
adrenal was associated with neurofibromatosis of skin and viscera. 
Suzuki ^ was the first to report the simultaneous presence of these two 
neoplastic diseases, and the literature now contains 8 previously re- 
ported cases. In only one of these was the paraganglioma active, pro- 
ducing the suprarenal-sympathetic syndrome.*^® Our case 2, then, is 
the second to be reported in which a paraganglioma, multiple neuro- 
fibromas, and paroxysmal hypertension have occurred together. 

The co-existence of these two neoplastic conditions in a frequen^ 
of I to 23 suggests that the relationship is more than fortuitous. Nearly 
all authors reporting such cases have made this comment, but now ere 
have we found a satisfactory explanation of this concurrence As 
' been described above, the paraganglion cells are derived from the 
migrating undifferentiated cells of the neural crest. Harrison has 
demonstrated experimentally that when the neural crest is divided 
from the neural tube, the motor nerves continue to develop, but are 
devoid of the normal sheaths (Schwann cells). This indicates that the 
sheath cells, like the paraganglion cells, are derived from the neural 
crest. Stout recently reviewed the histogenesis of neurofibromas 
and stated that Schwann cells play the dominant role in the formation 
of these tumors. These accumulated facts suggest, then, that para- 
gangliomas and neurofibromas are both derived from cells which have 
ultimately come from the neural crest. Several writers have reported 
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cases demonstrating tumors consisting of combinations of ganglio- 
neuromas, neuroblastomas, and paragangliomas.®”’ These have been 
accepted as being expressions of different degrees and directions of 
differentiation from common primordial cells. An extension of this 
concept might explain the concomitant occurrence of neurofibromas 
and paragangliomas. 


Melanin Production 

One of the cases reported by- us (case i) is a retroperitoneal para- 
ganglioma which was deeply pigmented. In attempting to identify the 
pigment, four substances were considered; hemosiderin, lipochrome, 
chromaffin granules, and melanin. The first three were eliminated from 
consideration and the .pigment interpreted as melanin because it was 
iron-free, not soluble in fat solvents, bleached with hydrogen perox- 
ide, and darkened with 5 per cent aqueous silver nitrate. Baker 
has shown that these are the only chemical reactions which are of much 
practical value in the identification of brown pigment. 

Tyrosine, when oxidized in the presence of the enzyme tyrosinase, 
yields melanin.”® It can also be used as the precursor of epinephrine.”” 
The possibility of a similar source for melanin and epinephrine and 
the close chemical relationship of these substances make it seem rea- 
sonable that a neoplasm possessing the potential capacity to produce 
epinephrine might also produce melanin. 

Millar has reported a case of malignant ganglioneuroma of the 
7th thoracic sympathetic ganglion in which the ganglion cells contained 
melanin. Masson has traced the origin of melanomas of the skin to 
Meissner’s corpuscles which are composed of modified Schwann cells. 
Hyperpigmentation of the skin occurs before the development of, and 
in association with, multiple neurofibromas. Thus it would appear 
that a tumor derived from the cells which have origin from the neuro- 
ectodermal cells of the neural crest (paraganglioma, ganglioneuroma, 
neurofibroma, and ordinary melanomas of the skin) is apt to produce 
melanin. We are well aware that the definitive histogenesis of all of 
these tumors is not finally settled, but we believe that the accumu- 
lating facts lend support to the opinion of a common origin for these 
diverse neoplasms. 


Summary and Conclusions 

On the basis of the origin and distribution of paraganglion cells, 
tumors arising in the carotid body, appendix, and coccygeal body have 
been excluded from the group of paragangliomas. The chromaffin re- 
actions are not specific for paragangliomas. 
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to epinephrine and causes a temporary reduction in the circulating 
amount of that substance. However, the effect is temporary and thus 
the tumor responds with a “rebound” liberation of a large amount of 
epinephrine. Among the other methods might be mentioned the im- 
mersion of the feet in cold water (cold pressor test), the injection of 
insulin, and hyperventilation (which is thought to cause the diaphragm 
to press on the tumor). All of these tests have been successful in some 
cases and unsuccessful in others, so that there is little to recommend 
one rather than another. 

Perirenal air insufflation preparatory to radiographic examination 
has been advocated by Hyman and Mencher and has been very 
useful in their hands. Others have hesitated to employ this procedure 
because patients with these tumors are unstable and disastrous results 
have ensued. It may be that the attempted perirenal insufflation for the 
patient of our case 2 had something to do with his demise. Scout films 
of the abdomen have been helpful in many cases, for calcification in 
the kidney region has been seen. Often these shadows have been mis- 
interpreted as being tuberculous in origin. 

Relation to Neurofibromas 

In the second case of our series, an active paraganglioma of the right 
adrenal was associated with neurofibromatosis of skin and viscera. 
Suzuki ^ was the first to report the simultaneous presence of these two 
neoplastic diseases, and the literature now contains 8 previously re- 
ported cases. In only one of these was the paraganglioma active, pro- v 
ducing the suprarenal-sympathetic syndrome.'^^ Our case 2, then, is 
the second to be reported in which a paraganglioma, multiple neuro- 
fibromas, and paroxysmal hypertension have occurred together. 

The co-existence of these two neoplastic conditions in a frequency 
of I to 23 suggests that the relationship is more than fortuitous. Nearly 
all authors reporting such cases have made this comment, but nowhere 
have we found a satisfactory explanation of this concurrence. As has 
been described above, the paraganglion cells are derived from the 
migrating undifferentiated cells of the neural crest. Harrison has 
demonstrated experimentally that when the neural crest is divided 
from the neural tube, the motor nerves continue to develop, but are 
devoid of the normal sheaths (Schwann cells). This indicates that the 
sheath cells, like the paraganglion cells, are derived from the neural 
crest. Stout recently reviewed the histogenesis of neurofibromas 
and stated that Schwann cells play the dominant role in the formation 
of these tumors. These accumulated facts suggest, then, that para- 
gangliomas and neurofibromas are both derived from cells which have 
ultimately come from the neural crest. Several writers have reported 
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cases demonstrating tumors consisting of combinations of ganglio- 
neuromas, neuroblastomas, and paragangliomas.^®-'^®’^^ These have been 
accepted as being expressions of different degrees and directions of 
differentiation from common primordial cells. An extension of this 
concept might explain the concomitant occurrence of neurofibromas 
and paragangliomas. 

Melanin Production 

One of the cases reported by us (case i) is a retroperitoneal para- 
ganglioma which was deeply pigmented. In attempting to identify the 
pigment, four substances were considered: hemosiderin, lipochrome, 
chromaffin granules, and melanin. The first three were eliminated from 
consideration and the pigment interpreted as melanin because it was 
iron-free, not soluble in fat solvents, bleached with hydrogen perox- 
ide, and darkened with 5 per cent aqueous silver nitrate. Baker 
has shown that these are the only chemical reactions which are of much 
practical value in the identification of brown pigment. 

T3nrosine, when oxidized in the presence of the enzyme tyrosinase, 
yields melanin.'^® It can also be used as the precursor of epinephrine.®® 
The possibility of a similar source for melanin and epinephrine and 
the close chemical relationship of these substances make it seem rea- 
sonable that a neoplasm possessing the potential capacity to produce 
epinephrine might also produce melanin. 

Millar has reported a case of malignant ganglioneuroma of the 
7th thoracic sympathetic ganglion in which the ganglion cells contained 
melanin. Masson has traced the origin of melanomas of the skin to 
Meissner’s corpuscles which are composed of modified Schwann cells. 
Hyperpigmentation of the skin occurs before the development of, and 
in association with, multiple neurofibromas. Thus it would appear 
that a tumor derived from the cells which have origin from the neuro- 
ectodermal cells of the neural crest (paraganglioma, ganglioneuroma,, 
neurofibroma, and ordinary melanomas of the skin) is apt to produce 
melanin. We are well aware that the definitive histogenesis of all of 
these tumors is not finally settled, but we believe that the accumu- 
lating facts lend support to the opinion of a common origin for these 
diverse neoplasms. 


Summary and Conclusions 

On the basis of the origin and ^distribution of paraganglion cells, 
tumors arising in the carotid body, appendix, and coccygeal body have 
been excluded from the group of paragangliomas. The chromaffin re- 
actions are not specific for paragangliomas. 



PARAGANGLIOMAS 


1185 

The previously reported cases of paraganglioma, reviewed with re- 
gard to age and sex distribution, location of tumors, hormonal activity, 
and histologic appearance, exhibit a variability of cytologic pattern and 
a marked degree of pleomorphism, which is, nevertheless, consistent 
with a diagnosis of benign paraganglioma. A diagnosis of malignancy 
should not be made in the absence of invasion or metastases. 

.There are 9 cases in which paragangliomas have occurred concur- 
rently with neurofibromatosis. This concomitance may depend upon 
different degrees and directions of differentiation of neural crest cells. 

Of the 5 original cases of paragangliomas which are described, one 
tumor was retroperitoneal and contained a brown pigment which was 
identified as melanin. The close chemical relationship between melanin 
and epinephrine is probably significant in this connection. 
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DESCRIPTION OF PLATES 


Plate 192 

Figs, i and 2. Case i. External and cut surfaces of paraganglioma. 

Fig. 3. Case i. Pigmented area in tumor. Hematoxylin and eosin stain. X 240. 

Fig. 4. Case i. Photomicrograph of nonpigmented area in tumor. Hematoxylin and 
eosin stain. X 240. 
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Plate 193 

Fig. 5. Case 2. Paraganglioma of right adrenal; diffuse h}^pertrophy of opposite 
adrenal. 

Fig. 6. Case 2. Photomicrograph of representative area of the neoplasm. Hema- 
to.xylin and eosin stain. X 240. 

Fig. 7. Case 2. Cytoplasmic granules and prominent nucleoli in tumor cells. Azo- 
carmine stain. X 516. 


1190 



American Journal of Pathology. Vol. XXIV 


Plate 193 






Plate 194 

Fig. 8. Case 3. Photomicrograph of neoplasm showing hydropic cell area at upper 
right and granular cell area at left. Hemato.xj’lin and eosin stain. X 120. 

Fig. 9. Case 3. Multilocular vacuolation of cytoplasm in hydropic area. Hema- 
toxylin and eosin stain. X 516. 

Fig. 10. Case 3. Granular cytoplasm in darker staining areas. Hematoxylin and 
eosin stain. X 516. 
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Plate 195 

Figs. II and 12, Case 4. Photomicrographs of representative areas. Many oval and 
spindle-shaped cells; some pleoraorphism and prominent vascular spaces. Hema- 
to.xylin and eosin stain. X 125 and X 512. 

Fig. 13. Case 5. Photograph of paraganglioma of left adrenal gland. 
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Plate 196 

Fig. 14. Case 5. Photomicrograph of representative area of the neoplasm. Hema- 
toxylin and eosin stain. X 240. 

Fig. 15. Case 5. Distinct granules in cytoplasm and wide sinus-like vascular spaces. 
Hematoxylin and eosin stain. X 512. 
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THE CYTOLOGIC FEATURES OF CARCINOMAS AS STUDIED 

BY DIRECT SMEARS * 

Erik Hauptmann, MD.f 

{From the Department of Pathology, Duke University School of Medicine, 

Durham, N.C.) 

During the past 20 years the method of diagnosing cancer by visual 
examination of a single cell or a group of isolated cells has received 
more and more attention.^"^ The method is based upon the assump- 
tion that morphologic as well as functional differences distinguish can- 
cerous from noncancerous cells. The efficacy of the cytologic approach 
to the problem of tumor diagnosis is not yet proved. Its limitations and 
advantages are in part unknown, and only by controlled examination 
of large groups of tumors and normal tissues and experimentation 
with different methods will they be established. Therefore, this study 
was undertaken. 

Almost since the advent of Virchow’s cellular pathology attempts 
have been made to identify the characteristics of the cancer cell. The 
older T^ork in this field was comprehensively reviewed by Quensel 
(1928) with particular emphasis upon the cytologic features of malig- 
nant cells in exudates. In the recrudescence of interest in this method 
of diagnosis, MacCarty with his group in the United States 
and Dudgeon with others in England have been leaders in 
their respective countries. The development of the technic of needle 
biopsy of tumors and the work of hematologists in the study of 
bone marrow,^'^'^^ lymph nodes,^^"^® and spleen have all lent further 
impetus in this direction. Particular recognition must be extended to 
Papanicolaou and others,^^'®^ who in recent years have cultivated 
the method of single cell diagnosis to. a point where it has found wide- 
spread practical application, particularly in examination of body ex- 
cretions. 

Despite this mass of evidence, the value of cytologic diagnosis of tu- 
mors is not widely acknowledged. The greatest skepticism is found 
among pathologists, and not without reason. Although there is a great 
difference between Burst’s^® statement, “Die Geschwulstzelle, auch 
die bosartige, hat weder in morphologischer, noch in chemischer, noch 
in irgend einer anderen Hinsicht etwas absolut Charakteristisches an 
sich,” and that of MacCallum,'^'* “No doubt, in time we shall have a 
reliable morphological criterion by which we may say definitely that 
an isolated cell is a cancer-cell or a normal cell,” both indicate that 
the problem of single cell diagnosis of cancer is still to be settled. Rea- 

* Received for publication, December 19, 1947. 

t Rockefeller Foundation Fellow, from the University of Zagreb, Zagreb, Yugoslavia. 
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sons for this skepticism are found in the small number of tumors dealt 
with in most of the reports, the great variety of tumors within the small 
•groups, the diversity of methods used, and often the inadequate num- 
ber of photomicrographs, limiting comparison of results. 

Detailed descriptions of C5rtologic characteristics, such as have been 
reported in bone marrow studies and more recently in investigations 
of lymph nodes and spleens,^" have not been recorded for malig- 
nant tumors. As a consequence, cytologic descriptions of tumors are 
limited to generalities such as anisocytosis, peculiar structure of chro- 
matin and hyperchromasia of nucleus, size of nucleoli, or emphasis 
upon a detail (Quensel,^’®*'^ MacCarty which may have statistical 
significance but is of little help in the interpretation of a given case. 

In contrast is the work of Papanicolaou® and his followers.^®’^®'^®*'^®’'^^’®^ 
Utilizing a standardized technic and concentrating upon the cells of 
body excretions (vaginal, bronchial, etc.), they have demonstrated 
the usefulness of cytologic diagnosis of carcinomas. 

From the above it appears that the most fruitful approach to this 
problem would be the examination of a large number of tumors, using 
a standardized technic and cataloging the changes which would make 
it possible to differentiate malignant from nonmalignant cells, regard- 
less of origin. Such careful studies might eventually reveal differences 
permitting further classification, i.e., carcinoma, sarcoma, or perhaps 
within a certain group even a detailed diagnosis, as is possible today 
with histologic methods (adenocarcinoma, squamous cell carcinoma, 
etc.). 

It is in this manner that the present study was carried out. The 
tumors examined were limited to histologically proved carcinomas from 
various sites, and search for answers to the following questions guided 
the investigation: 

1, What are the cytologic characteristics of carcinomas studied by 
means of the smear technic? Or, rephrased, is it possible to distinguish 
between histologically recognized carcinoma and noncancerous tissue, 
using the cytologic method? 

2. Is there a cell or cells which characterize carcinomas, and are 
such cells always absent in noncancerous conditions? 

3, Is there any relationship between the organ from which the tumor 
arises and the type of carcinoma cells? That is, do the cells of a car- 
cinoma of the breast differ from those of a carcinoma of the stomach 
or skin? 

4. Is there any relationship between the structure of a given carci- 
noma (adenocarcinoma, squamous cell carcinoma) and its cytologic 
features? In other words, are the cells which make possible the cyto- 
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logic diagnosis of carcinoma the same in" an adenocarcinoma as in a 
squamous cell carcinoma? 

5. Is the cytologic picture (smear) of a metastatic tumor the same 
as that of the primary tumor? 

Technic 

The ideal method is to prepare smears of cells immediately upon 
removal of the tissue by the surgeon. Unfortunately, this was not 
possible in the majority of cases. Thus, the first problem was to de- 
termine what cellular changes occur following removal of tissue from 
the body. Since Rohr and Hafter have shown that the changes in 
bone marrow after death are progressive, all of the tissues used in this 
study were refrigerated (4.0° to 5.0° C.) as soon as possible in order 
to retard these autolytic changes. To determine what changes the 
cells undergo at this temperature and what medium might best pre- 
serve them, fresh specimens were placed in four test tubes: (i) Fresh 
tissue in formalin, (2) fresh tissue in 0.85 per cent solution of sodium 
chloride, (3) fresh tissue in human plasma, and (4) fresh tissue un- 
treated. All of the tubes were refrigerated (4.0° to 5.0° C.) and their 
contents examined in smears at intervals of i to 2, 6, 12, 24, 48, and 
72 hours. It was observed that cells placed in formalin showed great 
changes in their staining reactions in less than i hour; those areas to 
which formalin had not penetrated (center of specimen) showed no 
tinctorial change. The cells in a physiologic solution of sodium chlo- 
ride revealed remarkable changes within the first 12 hours — a fact 
noted many years ago by Forkner.®^ The nuclei became swollen, the 
chromatin structure assumed an irregular, wide-meshed, net-like ap- 
pearance, and the nucleoli became more visible. Finally the cell dis- 
integrated. Cells suspended in human plasma, or untreated, showed 
almost no changes' -in -staining reaction, cell form, or shape up to 24 
hours at refrigerator temperatures. After this, they usually changed 
slowly, but in a manner different from the cells suspended in physio- 
logic solution. Because of this experience all tissues which could not 
be examined immediately were placed under refrigeration in human 
plasma or untreated. 

The second problem was to discover which method would best pre- 
serve the cell form and size, and produce an even distribution of cells 
in the preparation. The usual methods for making smears described 
in the literature and also touch preparations proved unsatisfac- 
tory for two reasons: (i) The cells were unevenly distributed and 
often were elongated in the direction of smearing; (2) tissues rich in 
mucus or fat {e.g., mucosa of the gastro-intestinal tract, breast tissue) 
gave smears very poor in cells; the same was true of tumors which 
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contained much fibrous tissue. These methods, however, gave good 
results in material obtained from lymph nodes, spleen, and squamous 
cell carcinoma. Very poor results were obtained with the crush meth- 
Qjj 20 , 23,20 forceful spreading of tissue between two slides; too many 
clumps of cells were present to permit uniform staining or to preserve 
the shape of the cells. 

The following method was found to be most satisfactory with all 
organs and tumors. A fragment of tissue, not larger than 2 to 4 mm. 
in diameter, was placed on a slide and covered with 3 or 4 drops of 
pooled human plasma. Using two needles, the tissue was teased apart 
until the plasma was clouded by the suspended cells. One drop was 
transferred to a coverslip and then covered with a second coverslip, 
producing an even distribution of the cell suspension. The coverslips 
were then pulled apart and dried. This method is similar to that used 
by some hematologists in the preparation of blood smears. 

The third problem was the selection of a stain. It was desired to 
preserve the cells as well as possible and, at the same time, to differ- 
entiate clearly the various cellular structures. Most of the methods 
described in the literature, judging from illustrations and descriptions, 
did not seem to give these desired results. Usually the chromatin of 
the nucleus was clumped so as to prevent recognition of the more 
delicate structures (Martin and Ellis’ method with hematoxylin and 
eosin, Dudgeon and Barrett’s ^ method with Schaudinn’s solution and 
subsequent treatment with hematoxylin, iodine, and eosin). It was 
found impractical to use the more sensitive method of supravital stain- 
ing described by Sabin or Quensel’s ^ method for examination of 
tumor cells, since in both cases it is necessary to use very fresh mate- 
rial, which was not always possible in this work. Two methods ap- 
peared to be better adapted to my purposes: The various combinations 
of Romanowsky stains currently in use in hematology which show 
clearly the details of cells; and Papanicolaou’s® method, which has 
proved so popular in recent years in the examination of tumor cells 
of different body excretions (vaginal fluid, sputum, urine, gastric 
juice) . Therefore, in this study several preparations of each specimen 
were stained, some with a combination of May-Griinwald-Giemsa’s 
stain, others with Wilson’s * stain, and still others by Papanicolaou’s 
method (hematoxylin-EA25-OG6). Of the two hematologic methods, 
eventually only Wilson’s stain, because of its simplicity, was retained, 
although both methods gave equally good results. The material stained 
by Papanicolaou’s method was prepared upon slides, according to his 
directions.® In comparing the two methods (of Wilson and of Papanic- 
Phosphate buffered Wright’s stain. 
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olaou), the details, particularly- of the nucleus (chromatin structure), 
are more clearly differentiated by Wilson’s stain, although Papanic- 
olaou’s method was sometimes more valuable for studying cell out- 
lines. ' Specimens containing much fat, mucus, or colloid were likewise 
better stained by Papanicolaou’s technic. Wilson’s stain, on the other 
hand, had the advantage of bringing into greater contrast the nucleus 
(violet) and nucleolus (blue), as well as nucleus (violet) and cyto- 
plasm (light blue to dark gray-blue). With Papanicolaou’s method 
most of the tumor cell cytoplasm was stained green, the nucleus gray- 
ish violet. The nucleolus, although readily visible, appeared only as 
another variation of the same gray- violet; the chromatin was more 
distorted than when Wilson’s stain was used. Both methods have been 
used to complement each other in almost every case. 

Material 

In accordance with the questions stated in the introduction, two 
classes of material were examined: Histologically proved carcinomas, 
and normal and noncancerous (inflammatory, benign tumor, etc.) tis- 
sues from various sites. 

A total of 188 cases have been examined; 78 in the first group (carci- 
noma) , and 1 10 in the second (control) group, noncancerous. From the 
188 cases, 268 organs or tissues have been examined; 178 were non- 
cancerous, 90 fell into the carcinoma group. They have been individu- 
ally classified. For instance, if in a case of carcinoma of the cardia of 
the stomach, the tumor, the grossly unchanged mucosa of the fundus, 
and a mesenteric lymph node were examined, each area was separately 
classified as noncancerous or carcinomatous according to its histologic 
findings. In the same way two or more organs or tissues from a 
case without a carcinoma were individually examined and classified. 

The noncancerous tissues are listed in Table I, and the carcinomas, 
according to the organ from which they were taken, in Table II. It 
must be emphasized that the classification in Tables I and II is based 
not upon cytologic, but upon histologic, examination. In this manner 
each organ or tissue was appropriately cataloged as either noncancer- 
ous or carcinomatous. 

Results 

It is not intended to describe in this paper the cytologic features of 
noncancerous organs or tissues in smear preparations, except in so far 
as it may be necessary to elucidate the differences between noncancer- 
ous processes and carcinoma. On the other hand, it is necessary to 
describe the cytologic characteristics of those tissues which have been 
classified histologically as carcinoma. 
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The over-all cytologic picture of the carcinoma smears shows certain 
characteristics which occur repeatedly. These characteristicSj which 
may be subdivided, suggest a possible cytologic classification. Five 
types could be distinguished among the smears of 90 carcinomas: The 
squamous cell type, the columnar cell type, the round cell type, the 
undifferentiated cell type, and the oat cell type. 

Carchwma Smears of Squamous Cell Type {Fig. i) 

In carcinoma smears of squamous cell type, squamous cells were 
present in varying numbers, just as in smears of normal skin or mucous 
membranes (Fig. 6) ; most of the cells, however, were atypical, vary- 
ing in size, shape, and color. Instead of the usual polygonal form with 

Table I 

Tissues Histologically Classified as Noncanccrous 



Number of 
specimens 
examined 


Esophagus 

Stomach (corpus and fundus, 8; pylorus, 2) 

Duodenum 

Jejunum 

Ileum (no lesion, i; inflammation, 2) 

Colon 

Rectum 

Divcrticulosis of intestine 
Polyp of colon 
Bronchus 

Lung (no lesion, i; lung abscess, 3) 

Uterus (endometrium, 22; cervix (cervicitis), 26) 

Ovary , . . , , . 

/! Breast (chronic mastitis, r; granulomatous lesion, i; cystic h3^erplasia, 2, 
•S' fibrosing adenomatosis, 2; comedo-adenoma, 15 mtiacanaucular nbro- 
adenoma, 3; adenofibroma, i) 

Testis 

Benign prostatic hypertrophy 
Kidney (pyelonephrosis) 

Bladder 

Submandibular gland _ 

Mixed tumor of parotid 

Gallbladder (no lesion, i; cholecystitis, s) , i„mr>b?idpnmd 

/‘Thyroid (cystic nodular goiter, i; non toxic adenoma, r;lymphadeno^^ 
goiter, i; hyperplasia and hypertrophy, 2; fetal fibro-adenom , , 
colloid goiter, i; embryonal adenoma, i; nodular goiter wift f tol ade 
/ noma i; colloid goiter, 2; nodular thyroid, i; nodular goiter with hyperp 

/ sia and colloid nodules, i) . 

v/ Lymph node (no lesion, chronic inflammation, Boeck s sarco ; 

Spleen 

Skin 

Striated muscle 
Fibromyoma uteri 
Sinusitis maxillaris 
Nonspecific inflammation 
Epiglottis 
Lipoma 

Papilloma of abdominal wall 
Vagina 

Giant cell epulis ’ . 


Total 
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a dense, dark, almost pyknotic nucleus and abundant cytoplasm which 
stains light pink or bluish, the cells often were elongated and stained 
darker blue, but were still pale; the nucleus sometimes was larger than 
is normal, and the chromatin might be net-like. These cells were read- 
ily recognized as variations from the normal squamous cell. Figures 7 
and 8 depict a group of cells which showed a close relationship to the 


Table II 


Neoplasms Histologically Classified as Carcinoma Listed by Location 


Location 

Number of 
specimens 
examined 

Lip 

3 

Mouth 

2 

Esophagus 

I 

Stomach 

9 

Colon 

7 

Rectum 

8 

Larynx 

I 

Lung 

4 

Mediastinum 

I 

Uterus (endometrium, 3; cervix uteri, 6; infiltrating from ovary, i) 

10 

Ovary (primary, 4; metastatic, i)| 

5 

Vulva 

2 

^^Breast 

12 ^ 

Pancreas 

I 

Thyroid 

I -r- 

Kidney 

I 

Bladder 

I 

Peritoneum (metastatic) 

2 

Neck 

I 

«^Lymph node (metastatic) 

13 

Abdominal wall (metastatic) 

I 

Chest wall 

I 

Skin 

3 

Total 

90 


squamous cells described above. Their cytoplasm was bluish, some- 
times blue, almost always well outlined; rarely, one or two borders 
merged gradually with the background. The size of the cell and its 
shape were more or less the same as those of the previously mentioned 
cells; sometimes they were slightly larger. Elongated forms and spindle- 
like types were more common than in the former. The nucleus, how- 
ever, was always larger, varying from the size of a large lymphocyte 
(8 to 10 ft) to 15 /X or more in diameter. When the nucleus was large, 
it formed the greater portion of the cell, so that the cytoplasm was 
relatively sparse. The nucleus, as a rule, was well delineated and 
round, rarely slightly oval. The chromatin formed a regular, medium- 
sized meshwork. It contained one nucleolus, rarely two or three, each 
2 or 3 /X in diameter. Nucleoli were usually round and blue or bluish; 
exceptionally they were dark blue and slightly irregular. This cell is 
designated a “nucleolated squamous cell.” In some instances cells were 
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seen which resembled those found in the deeper layers of normal epi- 
thelium (basal cells, according to Papanicolaou®). They usually ap- 
peared in groups; single cells were seen rarely. These cells are hence- 
forth termed “malignant epithelial cells” (Figs. 9 and 10). They varied 
in size (10 to 20 yx), and were rhomboid or polygonal. The cytoplasm 
was dark blue and rather sparse; it was not very sharply outlined, but 
the border was still visible. Sometimes keratin formation, as described 
by some authors,®® was seen in the cytoplasm in the form of red gran- 
ules, small rods, or dust. The main mass of the cell usually was con- 
stituted by the nucleus, which was oval to round and usually slightly 
irregular; large forms predominated. The chromatin was granular, 
irregular, rather coarse, amorphous, and often was condensed in the 
form of a ring at the periphery of the nucleus. The nucleoli were 
multiple (one to four), dark blue, irregular, poorly outlined, and 
measured i to 3 or more in diameter. Another cell seen in smears of 
this type was a giant cell (Fig. 13), which always appeared singly. Ex- 
ceptionally as many as three or four per low-power field might be seen. 
The sparse cytoplasm, which stained dark blue, usually was present 
only at the poles of the nucleus, disappearing gradually without sharp 
borders at the periphery. Sometimes the cell contained small cyto- 
plasmic vacuoles. The nucleus was large (20 to 40 /a) and usualty 
irregular because of many indentations. It possessed numerous nucle- 
oli, which were blue; but, because of the presence of small granules 
of dense chromatin which produced a turbid appearance, the nucleoli 
often were difficult to see. A fibroblast-like cell (Figs, ii and 12) 
was frequently seen in these smears. It usually was larger than true 
fibroblasts. The cytoplasm was darker, often dark gray-blue, poorly 
outlined and usually fringed at its margin. The nucleus was long, oval, 
and narrow; the chromatin was net-like, its strands sometimes thick 
and irregular; the nucleoli were light blue to blue. The term “pseudo- 
fibroblast” will be used to identify this cell. These cells varied in size 
and sometimes showed transitional forms to the above-mentioned giant 
cells and nucleolated squamous cells; on the other hand, it frequently 
was difficult to distinguish them from fibroblasts. Such cells have been 
described by Papanicolaou ® and others in vaginal smears of carcinoma 
of the cervix. Comparing the smears with the histologic preparations 
led to the opinion that they probably are not fibroblasts. It is more 
probable that these spindle cells are derivatives of epithelium. In 
connection with this it should be mentioned that in experimental tumor 
transplantation occasionally a carcinoma will show sarcoma-like 
changes, that is, the appearance of spindle cells. The explanation 
(Ewing ®®) is that the spindle cells represent derivatives of epithelium, 
rather than a change in the character of the tumor (carcinoma to sar- 
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coma). Besides cells of the four types mentioned above, in carcinoma 
smears of squamous cell type -were found erythrocytes, leukocytes, 
fibrocytes, and ^fibroblasts. (For their description see Tischendorf.®®) 
One or another cell form, as described above, may predominate in 
the smear. Basically, however, the smears show a very similar appear- 
ance. Smears of this type were found in cases of carcinoma of the lip, 

, mouth, esophagus, larynx, bronchus, cervix uteri, vulva, kidney, skin, 
and in some metastatic carcinomas in lymph nodes. In one case of 
cervical “carcinoma in situ’’ only such cells as are illustrated in Figure 
10 (malignant epithelial cells) were seen. 

^ Carcinoma Smears of Columnar Cell Type {Fig. 2) 

The columnar cell (Figs. 14 and 15) in all its variations character- 
ized this type. In its usual form it measured approximately 6 by 15 
possessed a round to oval nucleus, and light blue to blue cytoplasm 
with well demarcated outlines. Sometimes red, dust-like granules 
were visible at one end of the cytoplasm. Among these cells were others 
which had larger nuclei. These sometimes were irregular; their chro- 
matin was arranged in strands of varying thickness. Often small, 
irregular nucleoli were seen. The cytoplasm of these cells was poorly 
defined and dark grayish blue. Another cell similar in many respects 
to those just described was found only in carcinomas (Fig. 16). It, 
too, was more or less columnar, showed the same variations as the 
above described cells, with the addition that usually two or three irreg- 
ular, dark blue nucleoli were present. Where only one nucleolus was 
found, it was large and round. The nucleoli might occasionally be pale 
but retained all the other properties described. This cell was named 
the “malignant columnar cell.” The third cell type, seen only in 
carcinomas, was the “undifferentiated cell” * (Fig. 19) with no cyto- 
plasm or with a little cytoplasm in the form of a narrow, perinuclear, 
light grayish zone. The nucleus measured 12 to 20 ja in diameter. It 
usually was round and irregular with net-like chromatin, the strands 
of which were rather thick, sometimes forming wide meshes. At other 
times the chromatin was more granular in appearance. The nucleoli 
were large, pale blue, irregular, and often multiple. Large round cells 
were seen also in smears of this type (Fig. 17). They usually were 
round and relatively well delineated. The nucleus usually was about 
12 to 18 ja in diameter, round, and predominantly regular. The chro- 
matin did not form strands in most of these cells, but usually was 
amorphous in appearance and irregularly distributed, producing darker 
and lighter areas. The nucleoli were round, dark blue, and often masked 
by the dense chromatin, so that their borders were not clearly visible. 

’ 5 'The term “undifferentiated cell” is one of convenience. Whether it is cjdogenetically 
less differentiated than the other cells is not known. 
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In other cases in which the chromatin formed an irregular, coarse net, 
the nucleoli were seen readily and were round, large (3 to 8 ft), and 
blue. The cytoplasm was bluish or blue and well preserved in many 
of these cells; in some, however, its margins faded gradually into the 
background. These cells, examined under low power, frequently re- 
sembled plasma cells, at first glance. The large, round cells might 
achieve considerable size so that they formed giant cells (Fig. 18) 
comparable in magnitude to those seen in the squamous cell smear. 
However, the cytoplasm of these cells, in contrast to that of the giant 
cells of the squamous cell smear, surrounded the nucleus and was not 
localized largely at the poles. This appearance suggested that the cells 
were derived from the large round cells. Giant cells, as illustrated in 
Figure 13 and described in connection with smears of the squamous 
cell type, were seen also in the smears of the columnar type. The same 
was true of the pseudofibroblast (Fig. 12). Both of these forms were 
rare in smears of this t3q3e, as compared to those of the squamous cell 
type. In addition to the above-mentioned cells, leukocytes, erythro- 
cytes, fibroblasts, fibrocytes, and macrophages were present. 

Carcinoma smears of the columnar cell t3q)e have been found in 
carcinomas of the stomach, colon, rectum, and ovary, and in some 
metastatic carcinomas of lymph nodes. 

Carcinoma Smears of Round Cell Type {Fig. 3) 

In some cases classified as carcinoma of round cell type, large, round 
cells (Figs. 17 and 18) composed the entire smear; in other cases 
some columnar cells (Fig. 16) were present. The impression, in the 
latter event, might be that of a smear of the columnar type with pre- 
dominance of large, round cells. In other instances no columnar cells 
could be seen. In addition, a -few undifferentiated cells might be 
visible. 

Smears of this type have been seen chiefly from carcinomas of the 
cardia of the stomach and in some carcinomas of the breast, lung, pan- 
creas, bladder, and uterus. This tjrpe was seen twice in smears of 
metastatic carcinoma. 

Carcinoma Smears of Undifferentiated Cell Type {Fig. 4) 

What has been said of smears of the round cell type may also be 
repeated in a description of the undifferentiated cell type, with the 
difference that the predominating cell was that previously described 
as the “undifferentiated cell” (Fig. 19). Smears which revealed such 
a picture have been obtained from carcinomas of the stomach, colon, 
rectum, ovary, and breast. 



CYTOLOGIC FEATURES OF CARCINOMAS 


1209 


Carcinoma Smears of Oat Cell Type (Fig. 5) 

The word “oat” is used for this type because the characterizing cells 
resembled those found in the sputum of patients with carcinoma of 
the respiratory tract and described as oat cells. Two forms of small 
cells were seen in this type. One represented cells which could not be 
differentiated from those of normal organs or tissues. The nucleus was 
the size of that of a small to large lymphocyte with little variation in 
size and shape; it was round to oval. The chromatin usually was dense, 
sometimes granular and irregularly distributed. Nucleoli were very 
rare. No cytoplasm was present, or, if present, it appeared only as a 
narrow bluish zone about the nucleus. The cells usually appeared in 
large sheets and might be compared to the type which Rohr and Heg- 
glin have designated “kleinzelliger Carcinom Typ” in bone marrow. 
There appears to be justification for their opinion that a diagnosis 
may not be made on the basis of a single cell, but only from cells which 
occur in the form of sheets. Whether the latter is true in every case is, 
in my opinion, open to question, because in some smears of chronically 
inflamed spleens and lymph nodes similar cells have been found, often 
in small groups. 

The second small cell is that described in the literature as the oat 
cell of bronchial carcinoma. It was similar to the first small cell, except 
that it possessed a definite but narrow rim of blue cytoplasm. The 
cytoplasm formed a short bipolar process. This cell likewise appeared 
frequently in sheets, but might sometimes be recognized when isolated. 
Finally it should be mentioned that, just as in the smears of the first 
two types, other cells were present: erythrocytes, leukocytes, fibro- 
blasts, fibrocytes, and macrophages. 

Smears of this type were seen in one case of carcinoma of the thy- 
roid, in a case of pulmonary carcinoma, and in almost half of the 
proved metastatic carcinomas in lymph nodes. 

Table III presents the different t3pes of smears and the histologic 
classification of the carcinomas from which the smears were made. 

Discussion 

I. What are the cytologic characteristics of carcinomas studied by 
means of the smear technic? Is it possible to distinguish between 
histologically recognized carcinoma and noncancerous tissue using the 
cytologic method of study? 

The most widespread and accepted method of cancer diagnosis — 
histologic study of tissue — ^is based upon the recognition of several 
changes in structure, many of which are cytologic: increase in the 
number of cells, marked variation in their size and shape differing from 
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the original cell t3T3e, increase of the chromatin mass, large nucleoli, 
multiple and abnormal mitotic figures, loss of polarity, and infiltration 
of the surrounding tissue ( Aschoff, °° Ewing,'^° MacCallum . All may 
be studied by cytologic methods except the last, which is often con- 
sidered the most important. Since cytologic technics preserve the com- 
ponents of a cell in greater detail than the methods of histology, vari- 


Table III 

Types of Carcinoma Smears with Corresponding Histologic Classification 


Type of smear 

Histologic classification 

Squamous cell t3q)e, 29 

Squamous cell carcinoma (lip, 3; mouth, 2; esophagus, 
i; larynx, i; lung, i; cervix uteri, 4; vulva, 2; lymph 
nodes, 5; skin, 2) 

Carcinoma (bronchogenic, 2; kidney, i; neck, i; 
cervix uteri {in situ), i) 

Tissue with degenerating neoplastic(?) cells (skin, i) 
Benign* (chronic cervicitis, i; cervix with no lesion, i) 

Columnar cell type, 22 

Adenocarcinoma (stomach, 4; colon, 5; rectum, 6; 

endometrium, i; uterus, i; ovary, 2; lymph node, 2) 
Malignant adenoma (uterus, i) 

Round cell type, 13 

Adenocarcinoma (stomach, 3; cervix uteri, r; en- 
dometrium, i; lymph node, i) 

Carcinoma (lung, i; pancreas, i; bladder, r; medi- 
astinum, i; duct ccU of breast, i; canalicular of 
breast, i; medullary of breast, i) 

Undifferentiated cell type, 14 

Adenocarcinoma (stomach, 2; rectum, i; colon, i; 

peritoneum, 2; abdominal wall, i; ovary, 3) 
Carcinoma (rectum, i; chest wall, i; scirrhous of 
breast, i; medullary of breast, i) 

Oat cell type, 9 

Adenocarcinoma (thyroid, i) 

Carcinoma (colon, x; lymph node, 5) 

Benign* (nodular hyperplasia and fibrosing adeno- 
matosis of breast, i; cystic hyperplasia of breast, i) 

No finding, 4 

Carcinoma (canalicular of breast, 2; scirrhous of 
breast, 2) 


*These cases will receive further comment. 


ous cytologists from time to time have selected one or more of the 
above characteristics as their criteria for cancerous changes. 

The opinion popular among older authors (literature by Quensel ’) 
was that cancerous cells are larger than normal cells, and that the 
ratio of nucleus to cytoplasm is changed in favor of the former. This 
observation also has been made more recently,^’®® but the change is 
considered suggestive, rather than characteristic, of malignancy. My 
smears showed that the majority of carcinomas do have larger cells 
than those of the tissue from which they arose. It appeared impossible, 
however, to make a diagnosis of malignancy on the basis of the size of 
a cell or the ratio of nucleus to cytoplasm. 
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Quensel studied malignant cells in body fluids using the method 
of supravital staining. He stated that the nucleolus is of diagnostic 
importance. In his cases of carcinoma the nucleoli varied in diameter 
from 3 to lo jx', exceptionally they were smaller, 1.5 to 2 ju,. In contrast, 
the nucleoli of endothelial cells (control) measured i to 1.5 (jl, very 
occasionally 2 to 3 ju.. He showed that the size of the nucleolus in 
carcinoma is independent of that of its nucleus. This is indicated by 
the ratio, nucleolus ‘.nucleus, which is 0.20 to 0.60 in carcinoma, as 
compared to 0.14 to 0.20 or less in endothelial or other cells. Further 
characteristics of malignancy, which Quensel considered less important, 
are giant vacuoles (larger than 40 ja) and irregular sheet formation 
with partial or total overlapping of nuclei, as compared to other cells 
in body fluids in which the vacuoles are smaller and the cells form 
“plaques.” The change in the size of nucleoli was not found in sar- 
comas. Quensel’s results were confirmed by Zadek and Karp and 
Zadek,®^’®^ who studied tumors of pleura, peritoneum, lung, and uro- 
genital tract. MacCarty and his co-workers,^’^”^°’^^ using a different 
method, arrived at similar results showing that the ratio of the nucleo- 
lar to nuclear surface, estimated as an average from a large number of 
cells ( 25 to 100), was always greater in malignant processes than in 
any other lesions of a particular organ (tissue). This ratio varied from 
1:5 to 1:17 in malignancy and from 1:13 to 1:45 in control cases; 
they considered this ratio to be of diagnostic value. Rohr and Hegglin 
showed that in the bone marrow only a certain number of carcinomas 
possess the cell characteristics which Quensel ascribed to them. Other 
carcinoma cells may have small nucleoli or even none. Thus, while it 
may be that a large nucleolus or a certain ratio of the nuclear diam- 
eter (surface) to that of the nucleolus may be characteristic of carci- 
noma cells in body fluids, it is not necessarily true for carcinoma cells 
in general. Similar observations have been made on my material. 
Quensel and MacCarty’s observations seem applicable to a large num- 
ber of my carcinomas (stomach, breast, and endometrium). Many 
others, however (lung, thyroid, and some of the breast carcinomas) 
did not fit into this scheme. The cells of metastatic tumors often had 
only small nucleoli or none. 

Irregularity of cell shape and size, changes in the structure of chro- 
matin, and atypical staining reactions of cytoplasm have been stressed 
by almost every author who has studied malignant tumors C 3 rtologically, 
either directly from the tumor or in excretions and body fluids. These 
changes have not been considered diagnostic, but only suggestive of 
malignancy. Similar changes can be seen in inflammatory lesions as 
well as in benign tumors, usually, however, to a lesser extent. The 
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same opinion may be expressed concerning irregular sheet formation 
with overlapping of nuclei. While this phenomenon is common in 
carcinoma, it can be seen also in other processes (inflammation). In 
summary, therefore, it may be said that many cellular changes sug- 
gest malignancy but are neither sufficiently constant nor sufficiently 
prominent to establish their diagnostic significance. When seen in a 
smear, they should, however, awaken the suspicion of the observer. 

These suggestive changes as seen in my material are summarized in 
Table IV. As may be seen in this table, which is based on the study of 
smears from 90 carcinomas, there were certain cellular changes sug- 
gestive of a process which may not be benign. The size of the indi- 
vidual cell in carcinoma smears was, in general, larger than that in 
noncancerous processes; this was especially noticeable when the cells 
were compared with those of the tissue from which the carcinoma 
arose. Variation in size and shape might often be very marked, al- 
though some tumors showed a relatively uniform cell picture (instances 
of carcinoma of bronchus, carcinoma of thyroid). The cells were 
individually disposed or were present in sheets. When in the latter 
form, the nuclei were partially superimposed and polarity was lost to 
a greater or lesser degree, as compared with noncancerous processes, 
in which the “plaques” consisted of a single layer of cells, the nuclei of 
which were regularly arranged. There were, however, noncancerous 
processes which might show the same phenomena as carcinoma, 
but to a lesser extent. The adhesion of cells to form groups of various 
sizes and shapes was much more commonly seen in noncancerous epi- 
thelium than in carcinomas, in which most of the cells usually lay 
separated from each other. 

The cytoplasm of the cells in carcinoma smears was either scanty or 
poorly outlined, merging gradually with the background. Few of the 
carcinomas possessed cells which were relatively rich in cytoplasm 
(nucleolated squamous cells, Fig. 7; some of the malignant columnar 
cells, Fig. 16). The cytoplasm varied from light grayish pink to blue 
and often dark gray-blue. Noncancerous cells usually were light blue 
to blue and, in addition, had more abundant and better outlined cyto- 
plasm. 

The same morphologic variations which were described in carcinoma 
cells, in general, can be said to characterize the nucleus. It was usually 
larger than that of the control group and sometimes attained giant 
dimensions (Figs. 13 and 18). It was round to slightly oval, often 
irregular, in contrast to the nucleus of noncancerous tissue, which was 
more regular. Anisonucleosis and poikilonucleosis were almost always 
present in the cytologic picture of carcinoma, rarely in the control 
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group. When, therefore, a high degree of irregularity was present in 
a noncancerous process and a low degree in a carcinoma, they were 
indistinguishable on this basis. 

The chromatin in the control group was dense and clumped; if net- 
like, it was regular and delicate. In carcinomas the chromatin was 
irregular, was composed of coarse strands, and formed a net-like struc- 
ture. This was sometimes small-meshed, and at other times showed 
large, irregular meshes; both forms might be present in the same smear. 
In still other cases the chromatin formed a grid of coarse strands or 
consisted of irregular, coarse granules; it might have a dense, irregu- 
lar, amorphous appearance. At times the chromatin was condensed 
in the form of a ring at the periphery of the nucleus. 

The nucleolus, considered by many authors to be one of the most 
suggestive or even diagnostic indices of malignancy, particularly in 
carcinoma, was not visible in the majority of the cells of the control 
group. When present, it usually was not larger than i to 2 in diam- 
eter. It was regular and stained light blue or the same color as the 
chromatin. Exceptions, however, were found: in some of my speci- 
mens, identified histologically as progestational endometrium, the nu- 
cleoli were large and sometimes stained dark blue; the same was noted 
in some examples of atrophic endometrium, in tubular epithelium of 
a case of chronic pyelonephritis, and in the mucosal cells of a bladder 
with carcinoma. The smear from the last mentioned was obtained from 
an area reported histologically as showing “no lesion.” The nucleolus 
of carcinoma cells assumed very peculiar forms (Text-Fig. i). It might 



a. b. c. d. e. f. 

Text-Figure i. Appearance of nucleoli in malignant cells. 

attain giant proportions up to the size of a small lymphocyte (6 /x,) 
and occupy most of the nuclear mass (c). Nucleoli might be multiple, 
and were then usually irregular (a, d). The color might be light blue 
(a, b, c), as seen in noncancerous material, or dark gra5dsh blue (d, 
e, f). Sometimes the outlines were indistinct and the nucleolar sub- 
stance merged into the surrounding chromatin (f). At other times 
the nucleoli might be partially hidden in the mass of chromatin (giant 
cells, large round cells). 
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The nucleus-cytoplasm ratio, .in my smear material, has often 
aroused the suspicion that carcinoma might be present, namely, when 
the mass of the nucleus was obviously larger in proportion to cyto- 
plasmic mass than in the control cells. However, as already indicated, 
this cannot be considered a rule. The same may be said of the ratio 
of the nucleolar surface and/or diameter to that of the nucleus, which 
in carcinoma is usually much greater than in the control group. Za- 
dek stated that the nucleolus-nucleus ratio is 1:4 to 1:20 in carci- 
noma cells in body fluids, compared to 1:25 to 1:100 in endothelial 
cells. MacCarty claimed that by his method the ratio is 1:5 to 1:17 
in malignant processes, as against 1:13 to 1:45 in noncancerous proc- 
esses. Since my method (smear) is different from that of Zadek (supra- 
vital stain) and of MacCarty (sections of fresh tissue), it is impossible 
to confirm or deny their conclusions. 

Many of the. changes mentioned above are seen also in histologic 
sections and are constantly utilized by pathologists. The smear tech- 
nic permits better preservation of cytologic details and therefore more 
exact observation of minute structures. It must again be stressed that 
all of the features described above are suggestive, rather than diag- 
nostic, of carcinoma. Extreme variations, however, may eventually 
prove to be diagnostic; 

2. Is there a cell, or are there cells, which characterize carcinomas, 
and are they always absent in noncancerous conditions? 

If malignant tumors express their abnormality not only in tissue 
structure (irregularity, infiltration), but also in cell structure, there 
arise two possibilities of recognizing cancer by its isolated cells: All 
of the cells of a tumor may have morphologic characteristics indicative 
of malignancy; during the development of a malignant tumor some 
of the cells may possess or acquire morphologic peculiarities as a con- 
sequence of abnormal function. It is these “peculiar” cells which 
would appear to be of importance in the recognition of cancer. 

Smears of five different types, as previously described, were found 
in my material of 90 carcinomas, which were obtained from various 
organs and parts of the body and represented diverse histologic cate- 
gories (adenocarcinoma, squamous cell carcinoma, comedo-carcinoma). 
A number of atypical cells were seen which were not found in smears 
of the control group,* consisting of 1 78 specimens from normal organs, 
inflamed tissues, and benign tumors. The atypical cells, listed below, 
were constantly present in the carcinoma smears of appropriate type: 

(a) The nucleolated squamous cell (Figs. 7 and 8) 

* Four exceptions to this statement are described in succeeding paragraphs. 
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(b) The malignant giant cell (Fig. 13) 

(c) The malignant epithelial cell resembling basal cells (Figs. 9 
and 10) 

(d) The pseudofibroblast (Figs, ii and 12) 

(e) The malignant columnar cell (Fig. 16) 

(f) The undifferentiated cell (Fig. 19) 

(g) The large roimd cell (Figs. 17 and 18) 

(h) The oat cell (Fig. 5), only if in large sheets 

These cells have been described above; the names have been selected 
on the basis of the most impressive feature of each. Cell d (pseudo- 
fibroblast) is not always distinguishable from fibroblasts; cell h (oat 
cell) is usually recognizable only when in sheets. 

In some of the types of smears one of the above listed cells may pre- 
dominate, or may be so numerous as to give the impression of being 
the only form present. This is usually the case in smears of the un- 
differentiated and round cell types. In other smears more than one 
kind of at5rpical cell was seen, as in the squamous cell t3q)e (nucleo- 
lated squamous cell, pseudofibroblast, giant cell), and in the colum- 
nar cell type (malignant columnar cell, large round cell, undifferenti- 
ated cell). Besides these atypical cells, in the majority of smears the 
proper cells of the organ in which the carcinoma was situated were 
seen also. In many cases it seemed possible to trace transitional forms 
from the atypical cells seen only in carcinoma smears to the epithelial 
cells of the control group. It should again be stressed that the atypical 
forms (a to h) are not considered to be the only malignant cells, since 
in smears of histologically proved metastases cells were seen which 
could not be distinguished from those found in inflammatory or other 
noncancerous processes. Another example of this observation is the 
smear of the oat cell type, in which often no cells were present which 
could not be found in the control group, and only the abnormal loca- 
tion and arrangement of the cells made probable the diagnosis of 
carcinoma. The assumption that a pathologic process may manifest 
itself in function only, without morphologic expression, would explain 
this finding. 

Because previous workers frequently have sought a common 
denominator among the structures of cells obtained from malignant 
tumors, an attempt was made to find such factors in atypical cells 
(a to h) (size of nucleolus, giant vacuoles, ratio of nucleolus to nu- 
cleus). None had general application. The cells (a to h) as units 
differ from the cells of the control group, but not in their parts. The 
possibility may not be abandoned, however, that in some tumors one 
detail of the cell may be sufficiently constant and characteristic to 
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establish its diagnostic value. Quensel ^ and others made such claims 
for the nucleolus of carcinoma cells in body fluids. The general appli- 
cation of such a rule does not seem to me to be justified. 

For the 188 cases examined, there was agreement between the histo- 
logic diagnosis and the conclusion reached from the examination of 
smears in 179 cases. In the remaining 9 cases the conclusion reached 
from smears was apparently falsely positive in 5 instances and falsely 
negative in 4. These 9 cases are summarized in the following para- 
graphs. 

A. Apparently False Positives 

1. Case 33 was a 35-year-old female considered clinically to have a carcinoma 
(stage I) of the cervix. Histologic examination did not confirm the diagnosis, but 
showed a chronic cervicitis. The smear revealed a squamous cell carcinomatous type. 

2. Case 37 was a 34-year-old female with a clinical diagnosis of menorrhagia. 
Sections removed from the corpus uteri showed progestational endometrium; from 
the cervix, no lesions. Smears of the cervix revealed some nucleolated squamous 
cells with a more grayish violet cytoplasm than is usually seen in this cell form. 
No other cells of types a to h were seen. 

3. Case 172 was a 66-year-old male with a clinical diagnosis of carcinoma of the 
face (temporal area). The pathologist reported: “Here and there in the dermis 
are isolated at3T)ical cells with hyperchromatic nuclei that possibly are degenerating 
neoplastic elements, but of this we cannot be certain.” The smear showed cells of 
characteristic squamous cell carcinoma type, 

4. Case 185 was a 26-year-old female with a questionable clinical diagnosis of 
carcinoma of the breast. Sections taken for biopsy showed cystic hyperplasia of the 
breast; the smear showed the oat cell type. 

5. Case 188 was a 20-year-old female with the clinical diagnosis of questionable 
benign tumor of the breast. Sections taken for biopsy showed lobular h)q3erplasia 
and fibrosing adenomatosis of the breast. The smears showed again the oat cell 
type and some giant cells, as illustrated in Figure 13. 

B. Apparently False Negatives 

1. Case 78 was a 46-year-old female. The clinical diagnosis was carcinoma of 
the breast; the histologic diagnosis was canalicular carcinoma of breast. The smear 
made from tissue in the neighborhood of the removed tumor could not be evaluated 
because of changes due to the antiseptic agent used in that area. Another smear taken 
from the periphery of the breast was negative for cells a to h. 

2. Case 103 was a 4S-year-old female with the questionable clinical diagnosis of 
carcinoma of the breast. The sections showed comedo-carcinoma of breast. The 
smear taken from the neighborhood of the tumor was negative for cells a to h. 

3. Case 127 was a 43-year-oId female. The clinical diagnosis was breast tumor; 
the histologic diagnosis, scirrhous carcinoma. The smear was negative. 

4. Case 215 was a 57-year-old female. The clinical diagnosis was carcinoma of 
the breast; the histologic diagnosis, scirrhous carcinoma. The smear taken from the 
depth of the tumor showed only different forms of epithelial and connective tissue 
cells. 

In the group of apparently false positive diagnoses, cases 33 and 172 
presented the characteristic squamous cell type, despite the absence of 
carcinoma in the histologic preparations. I cannot explain this dis- 
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crepancy. Some investigators using Papanicolaou’s method on va- 
ginal smears have noted false positives similar to mine. The correct- 
ness of one or the other finding can be determined only by observa- 
tion of the patient’s future course. Cases 37, 185, and 188 showed only 
a few cells of types a to h. 

In the second group of apparently false negative diagnoses, the fail- 
ure to detect tumor cells in the smears from cases 78 and 103 is not 
significant, since the tissue was taken from the neighborhood of the 
tumor rather than from the tumor itself. Although the possibility of 
failure in these cases was realized, the smear was taken nevertheless, 
since in some cases tumor cells were detected far from the neo- 
plastic center and from locations which the pathologist reported as 
containing “no lesion” (Fig. 20). Cases 127 and 215 must be con- 
sidered failures. It is of interest that most instances of disagreement 
between histologic diagnosis and cytologic findings occurred in breast 
tissue (6 of 9). A possible reason, at least for the negative cytologic 
findings, is the large amount of fat present, which makes it more diffi- 
cult to obtain satisfactory smears. 

In summary, specimens from 268 regions were examined from the 
188 cases. In 9 instances the cytologic and histologic findings were 
in apparent disagreement. One or another form of atypical cell {a to 
h) was found in the smears of 86 of 90 histologically recognized carci- 
nomas. Usually more than one cell form appeared in the individual 
smear. Similar atypical cells have been found also in 4 cases classified 
histologically as noncancerous. In the smears of 174 of 178 speci- 
mens histologically classified as noncancerous (no lesion, inflammation, 
benign tumor) the search for cells a to h gave negative results. 

3. Is there any relationship between the organ from which a tumor 
arises and the type of carcinoma cells? That is, do the cells of a 
carcinoma of the breast differ from those of a carcinoma of the stomach 
or the skin? 

This material indicates that the organ within which a carcinoma arises 
exerts little influence upon the type of smear from that carcinoma. 
However, as has already been shown (Table III), smears of certain 
types are seen more frequently in certain organs than in others. This 
is probably dependent upon the type of epithelium which exists in that 
particular organ. Thus, the squamous cell type is met commonly in 
neoplasms of organs which normally possess squamous epithelium; the 
columnar cell type predominates in neoplasms of the mucosa of the 
gastro-intestinal tract. This is shown in Table V. 

4. Is there any relationship betweeti the structure of a given carci- 
noma {adenocarcinoma, squamous cell carcinoma') and its cytologic 
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character in smears? Are the cells which make possible the cytologic 
recognition of carcinoma the same in an adenocarcinoma as in a squa- 
mous cell carcinoma? 

Table VI shows the relationship between the histologic structure of, 
carcinomas and the types of smears obtained from them. 

As may be seen, the t5^e of the smear is related to the histologic 


Table V 

Relationship Between Site of Carcinoma and Type of Smear 


Organ 

Type of smear 

j 

No 

finding 

Total 

Squamous 

cell 

Columnar 

cell 

Round 

cell 

Undiffer- 
1 entiated 

1 cell 

Oat 

cell 

Lip 

3 






3 

Mouth 

2 






2 

Esophagus 

I 






I 

Stomach 


4 

3 

2 



9 

Colon 


s 


I 

1 


7 

Rectum 


6 


2 



8 

Larynx 

I 






I 

Lung 

3 


I 




4 

Mediastinum 



I 




I 

Uterus 

5(2)* 

3 

2 




10(2) 

Ovary 


2 


3 



S 

Vulva 

2 






2 

Breast 



4 

4 

(2) 

4 

12(2) 

Pancreas 



I 




I 

Thyroid 





I ». 


! I 

Kidney 

I 

1 





1 

i I 

Bladder 


1 

I 




I 

Peritoneum 




2 



2 

Neck 

I 






I 

Lymph node 

5 

2 

I 


s 


13 

Abdominal wall 


i 


I 



I 

Chest wall 

! 

j 


I 



I 

Skin 

3 ^ 






3 

Total 

27(2) 

22 

14 

16 

7(2) 

4 

90(4) 


♦Numbers in parentheses indicate negative histologic findings. 


classification. All of the squamous cell carcinomas yielded smears of 
squamous cell type. The adenocarcinomas, however, are distributed 
among the columnar, round, undifferentiated, and oat cell types with 
predominance of the first three. The group classified histologically 
only as “carcinoma” produced smears of different types, since it em- 
braced cases of carcinoma whose histologic appearance did not permit 
a more detailed classification. The special forms of breast tumors (duct 
carcinoma and canalicular carcinoma) fall into the round cell and 
undifferentiated types. 

5. the cytologic picture ■ {type of smear') of a metastatic tumor 
the same as that of the primary tumor? 

It may be seen (Table VII) that of 17 examples of metastatic carci- 
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noma, 6 retained the original pattern in the metastases, 5 changed into 
the oat cell t5qDe of smear, whereas for the remaining 6 no conclusions 
could be drawn because the primary carcinoma was not available 
for study. As may be noted, when a change occurred in the metastases, 
it was always to the oat cell type, regardless of the type represented by 
the primary tumor. This change was seen only in metastases in lymph 
nodes. The results, although too few in number to justify conclusions. 


Table VI 


Relationship Between Histologic Diagftosis and Type oj Smear 


Histologic 

diagnosis 

Type of smear 

1 

No 

finding 

Total 

Squamous 

cell 

Columnar 

cell 

Hound 

cell 

Undiffer^ 

1 entiated 

cell 

1 

1 Oat 
cell 

1 

Squamous cell 



1 





carcinoma 

20 


1 




20 

Adenocarcinoma 


21 

7 

10 

3 


4 X 

Adenoma, 








malignant 


I 





I 

Carcinoma (with- 








out classifica- 








tion) 

7 


4 

4 

4 


X9 

Duct cell car- 








cinoma 



I 




I 

Canalicular 








carcinoma 



I 



2 

3 

Medullary 








carcinoma 



I 

I 



2 

Scirrhous car- 








cinoma 




I 


2 

3 

Benign 





(2) 


(4) 

Total 

27(2) 

22 

14 

16 

7(2) i 

4 

90 (4) 


♦Numbers in parentheses indicate negative histologic findings. 


Table vn 


Comparison oj Cytologic Findings in Primary Carcinomas and Their Metastases 



Primary tumor 

Metastases 

Organ 

Histologic diagnosis 

Type of smear 

Organ 

Type of smear 

Mouth 

Squamous cell 
carcinoma 


Lymph node 

Squamous 

Stomach 

Adenocarcinoma 

Undifferentiated 

! Lymph node 

Oat cell 

Stomach 

Adenocarcinoma 

Columnar 

1 Lymph node 

Columnar 

Stomach 

Adenocarcinoma 

Round 

Mediastinum 

Round 

Colon 

Adenocarcinoma 

Columnar 

Lymph node 

Columnar 

Colon 

Adenocarcinoma 


Ovary 

Columnar 

Rectum 

Adenocarcinoma 

Columnar 

Lymph node 

Oat cell 

Bronchus I 

Carcinoma 

Squamous 

Lymph node (i) 

Oat cell 

Bronchus i 

Carcinoma 

Squamous 

Lymph node (2) 

Oat cell 

Lung 

Carcinoma 

Round 

Lymph node 

Round 

Ovary 

Adenocarcinoma 


Uterus 

Columnar 

Ovary 

Adenocarcinoma 

Undifferentiated 

Peritoneum 

Undifferentiated 

Breast 

Carcinoma 

Undifferentiated 

Lymph node 

Oat cell 

Skin 

Carcinoma 


Lymph node 

Squamous 

Neck 

Squamous 

Squamous 

Lymph node 

Squamous 

Scalp 

Squamous 

Lymph node ' 
Lymph node 

Squamous 

Squamous 
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have been discussed because of the relative lack of attention given to 
this finding in the literature (Naidu ^ 

Conclusions 

Ninety carcinomas were studied cytologically, utilizing both Wilson’s 
and Papanicolaouis stains. 'Rie smears were made directly from the 
tumors and were compared to similar preparations from 178 non- 
cancerous tissues. • 

Eight cell types were recognized as characteristic of carcinoma and 
were found in 86 of the 90 histologically proved cancers. Siniilar cells 
were found in only 5 of the 178 noncancerous controls. 

A larger number of cases must be studied before the validity of other 
cytologic expressions of carcinoma may be considered as proved. 

I wish to express my sincere appreciation to Dr. Wiley D. Forbus for the oppor- 
tunity to carry out this work, and to Dr. Bernard Black-Schaffer for his many help- 
ful suggestions and criticisms of it. 
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DESCRIPTION OF PLATES 


Plate 197 

Fig. I. Case 148. Bronchogenic carcinoma; smear of squamous cell type. Wilson’s 
stain. X 137. 

Fig. 2. Case S2a. Adenocarcinoma of rectum; smear of columnar cell type. Wilson’s 
stain. X 295. 

Fig. 3. Case 21. Ductus cell carcinoma of mammary gland; smear of round cell 
type, Wilson’s stain, X 137. 

Fig, 4. Case 150. Adenocarcinoma of ovary; smear of undifferentiated cell type, 
Wilson’s stain. X 295. 
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Cytologic Features of Carcinomas 



Plate 19S 

Fig. 5. Case iioc. Adenocarcinoma of th3Toid; smear of oat cell tj'pe. Wilson's 
stain. X 295. 

Fig. 6. Case 75a. Chronic cervicitis; squamous cells. Wilson’s stain. X 684. 

Fig. 7. Case iiia. Squamous cell carcinoma of cervLx uteri; nucleolated squamous 
cells. Wilson’s stain. X 6S4. 

Fig. 8. Case 148. Bronchogenic carcinoma; nucleolated squamous cells. Wilson's 
stain. X 684. 
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Plate 199 

Fig. 9. Case 58. Squamous cell carcinoma of vulva; malignant epithelial cells. 
Wilson's stain. X 684. 

Fig. 10. Case ii. Carcinoma in situ of cervix uteri; malignant epithelial cells. 
Wilson's stain. X 684. 

Fig. II. Case 158b. Squamous cell carcinoma of esophagus; pseudofibroblasts. 
Wilson’s stain. X 295. 

Fig. 12. Case iiia. Squamous cell carcinoma of cervix uteri; pseudofibroblast be- 
tween two other cells, one in mitosis. Wilson’s stain. X 684. 
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Cytologic Features of Carcinomas 



Plate 200 


Fig. 13. Case 119. Squamous cell carcinoma of lip; malignant giant cell. Wilson’s 
stain. X 684. 

Fig. 14. Case 24a. Chronic granulomatous inflammation of lung; columnar cells 
from bronchial epithelium. Wilson’s stain. X 684. 

Fig. 15. Case 140a. Chronic cervicitis and endocervicitis. columnar cells. Wilson’s 
stain. X 684. 

Fig. 16. Case 52a. Adenocarcinoma of rectum; malignant columnar cells. Wilson’s 
stain. X 684. 
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Plate 201 

Fig. 17. Case 21. Duct cell carcinoma of mammary gland; large round cells. Wil- 
son’s stain. X 684. 

Fig. 18. Case 14a. Adenocarcinoma of stomach; large round cells (giant form). Wil- 
son’s stain, X 684. 

Fig. 19. Case 150. Adenocarcinoma of ovary; undifferentiated cells. Wilson’s stain. 
X 684. 

Fig. 20. Case 15b. Adenocarcinoma of stomach; tumor cells in fundic mucosa, his- 
I tologically classified as “no lesion.” Wilson’s stain. X 350. 
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DIFFUSE INTERSTITIAL MYOCARDITIS IN CHILDREN * 
Reginald K. House, M.D.f 

{From the Defartment of Pathology, The Children’s Hospital and The 
Infants’ Hospital, Boston is, Mass.) 

In recent years there have appeared in the literature reports of a 
diffuse interstitial myocarditis of obscure etiology. What appears to be 
the same pathologic entity has been variously described as isolated, 
primary interstitial, circumscribed, diffuse, idiopathic, acute, subacute 
and chronic isolated, and has been termed myocarditis perniciosa, 
granulomatous myocarditis, and Fiedler’s myocarditis. 

No attempt will be made to review the literature, since Saphir and 
his associates have done this thoroughly. It is difficult to arrive at 
any clear definition of this diffuse type of myocarditis, but it is gen- 
erally agreed that it is a nonspecific inflammatory reaction of uncertain 
etiology. It is rarely diagnosed clinically, and most cases remain un- 
diagnosed until the tissues are examined microscopically. The patient 
exhibits progressive myocardial failure, tachycardia, cardiac enlarge- 
ment, cyanosis, and low blood pressure. The course tends to be rapid 
and death may ensue suddenly. At autopsy, the pathologist has little 
to aid him in making a gross diagnosis, but usually there is evidence 
of congestive cardiac failure. The heart is enlarged and dilated, and 
the myocardium tends to be flabby and paler than is normal. Micro- 
scopic examination reveals infiltration of the myocardium by lympho- 
cytes, large mononuclear cells, polymorphonuclear leukocytes, eosino- 
phils, and plasma cells without involvement of the pericardium or endo- 
cardium. An inflammatory lesion of this type is more frequently seen 
than others, although Saphir called attention to the granulomatous 
type, which has appeared in case reports. Neither the gross nor the 
microscopic findings explain the pathologic changes found in the heart, 
and it is usually this organ that shows the major lesion. It should be 
emphasized that the histologic picture is nonspecific and similar to 
that seen in the diffuse myocarditis associated with various infectious 
diseases. Yet, as Saphir stated in his review, one is justified in accept- 
ing the occurrence of isolated myocarditis in the sense of a more or 
less diffuse inflammatory lesion if every known cause for this type of 
myocarditis is ruled out and if there is present no major pathologic 
condition involving either the endocardium and pericardium or the 
entire body. 

* Presented in part at the Forty-Fourth Annual Meeting of The American Associ- 
ation of Pathologists and Bacteriologists, Chicago, May 17, 1947. 

Received for publication, January 4, 194S. 

tNow at Dartmouth Medical School, Hanover, NHE. 
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A recent autopsy of an infant performed at The Children’s Hos- 
pital, Boston, revealed findings which were consistent with myocarditis 
of this type. The cases of myocarditis at this hospital thereupon were 
reviewed, and among them were found 4 which seemed to fit this classi- 
fication. Since most instances of diffuse interstitial myocarditis of 
unknown etiology have been reported in adults, it has seemed appropri- 
ate to present the reports of these in infants. 

Report of Cases 

Case I 

B. C., a s-weeks-old girl, was admitted to the Infants’ and Children’s Hospital 
(no. 18940) on September 22, 1933, because of. projectile vomiting, cyanosis, and 
dyspnea of 3 hours’ duration. The family history was noncontributory. Delivery 
had been accomplished by high forceps. The birth weight was lb. The his- 
tory of the first 3 weeks of life was uneventful. The patient had been breast-fed 
and was thought to be perfectly normal and healthy. Three hours before admission 
she awakened and vomited forcibly, and in xYz hours she became very cyanotic, 
with labored respirations which continued until admission. 

Physical examination revealed a well developed and well nourished female infant 
in extremis, wth labored and rapid respirations and cyanosis. The anterior fonta- 
nelle was full but not tense, and the sutures were slightly separated. The phar>mx 
was mildly injected. There was respiratory retraction of the costal margins. Cardiac 
dullness extended to the left anterior axillary border. The lungs were resonant and 
without rales. The abdomen was full, with the liver palpable domi to the ih'ac 
crest and the spleen barely so. A roentgenogram of the chest showed marked en- 
largement of the heart and diffuse pulmonary congestion. The impression of the 
roentgenologist was congenital heart disease with passive pulmonary congestion. 

The hemoglobin was 75 per cent; the red blood cell count, 4,900,000; and the 
white blood cell count, 32,000, with 61 per cent polymorphonuclear leukocytes, 38 
per cent lymphocytes, and i per cent monocytes. Culture of the blood proved to 
be negative. Wassermann and Hinton tests of the blood of both parents gave 
negative reactions. A spinal fluid reaction was negative. 

The infant failed to respond to therapy and died 7 hours after admission. The 
clinical diagnosis was congenital malformation of the heart with cardiac de- 
compensation. 

Autopsy Findings 

Autopsy, performed 12 hours after death, revealed a well developed 
and well nourished infant with marked lividity. The abdomen was 
slightly protuberant and markedly tense. The peritoneal cavity con- 
tained a considerable amount of clear, yellow fluid. The liver extended 
4.5 cm. below the costal margin in the midline and the spleen was just 
visible on the left. Each pleural cavity contained 4 cc. of clear, straw- 
colored fluid. The heart and lungs together weighed 130 gm. The 
heart was increased in size. On the anterior surface of the left 
ventricle and directly in the path of the descending ramus of the left 
coronary artery was a slightly depressed yellow-gray area of softening 
which measured 8 by 5 mm. There were two similar but smaller, 
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soft, yellow-gray areas near the left border of the left ventricle. The 
muscle of the apex of the . left ventricle was thin. Throughout the 
course of both coronary arteries, the periarterial tissue was slightly 
raised and moderately firm. At a point 1.4 cm. above the area of 
softening and extending for a. distance of 0.6 cm. there was a loss of 
pericoronary prominence, which gave an appearance of loss of contour 
of the artery. No congenital abnormalities were observed during com- 
plete dissection. The areas of softening in the myocardium were yellow- 
gray, but they did not appear to involve the pericardium or endo- 
cardium. The rest of the myocardium was slightly increased in opacity, 
dark pink and gray. Near the two small areas of softening there was 
observed a round, firm lesion, i mm. in diameter, which was thought 
by the examiner to be a thrombosed vessel. Both coronary arteries had 
slight tortuosity. The lungs were not remarkable except that on 
sectioning there was evidence of bronchopneumonia. The liver and 
spleen were congested and weighed 146 and 16 gm. respectively, some- 
what overweight for the age. The brain was not remarkable. From 
cultures taken from the lung at the time of autopsy there were grown 
Staphylococcus aureus, Escherichia coli, and pneumococcus. There 
was no growth from the heart’s blood. The impression from the gross 
findings was early bronchopneumonia and an enlarged heart of unknown 
cause. 

Microscopic Examination. Tissues were fixed in Zenker’s solution 
and in formalin. Multiple sections of the heart were stained with 
hematoxylin and eosin, Giemsa’s, Gram’s, Foot’s reticulum, Levaditi’s, 
and Ziehl-Neelsen stains. Sections taken through the softened areas 
mentioned in the gross description revealed widespread and diffuse 
absence of cardiac musculature with a moderate infiltration by poly- 
morphonuclear leukocytes, lymphocytes, plasma cells, macrophages, 
and large mononuclear cells. These cells had large, vesicular, oval 
nuclei and scanty eosinophilic cytoplasm. The majority of the muscle 
fibers had been replaced by young granulomatous tissue. Although 
there were fibroblasts present, newly ingrowing capillaries were the 
prominent feature. In this region remnants of cardiac muscle, without 
striations, and vacuolated and poorly stained, were observed. There 
' was extravasation of red cells in many fields. The lesion was not cir- 
cumscribed, but it was irregular and penetrated into areas of normal 
appearing muscle fibers. For the most part, the muscle tissue imme- 
diately adjacent to the inflammatory reaction showed loss of striations, 
vacuolation, and an occasional pyknotic nucleus. Here there was mod- 
erate interstitial infiltration by similar inflammatory cells. In one 
section the lesion approached the endocardium, but there was minimal 
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exudation. There was no definite evidence of pericarditis, although 
the inflamniatory reaction penetrated to the pericardium. On the 
epicardium there was no recognizable fibrin deposition or exudate. 
The blood vessels throughout were dilated and congested, but there 
was no suggestion of arteritis. The auricular musculature in one sec- 
tion showed interstitial edema, but there was no interstitial lesion. 
Sections of the main coronary arteries did not exhibit abnormal histo- 
logic findings. Foot’s reticulum stain showed no increase in the stroma 
in the area of greatest damage. Gram’s and Giemsa’s stains failed to 
reveal any bacteria or inclusion bodies. Ziehl-Neelsen’s and Levaditi’s 
stains were also negative. Tissue ^was not available for fat stains. 

The microscopic sections of the other tissues were noncontributory 
except for moderate interstitial pneumonia, toxic splenitis, chronic 
passive congestion, and slight fatty change of the liver. 

Case 2 

L. R., a 13-months-old girl, was admitted on February 24, 1941 (no. 24543), 
with persistent listlessness, drowsiness, anorexia, and dyspnea of 3 weeks’ duration. 
The family history was irrelevant except that the father was under treatment for 
leukemia. This was the mother’s first pregnancy and it had been uneventful. The 
birth weight was 5 lbs., 14 oz. The baby was breast-fed for 4 days and then 
transferred to formula because the mother had developed pneumonia. The infant 
was well and very active until 5 weeks before admission, when she developed an 
upper respiratory infection, which apparently cleared up within a few days. The 
medication consisted of oily nose drops. Three weeks before admission the patient 
had difficulty in breathing, refused her feedings, and became listless. The family 
physician found no elevation of temperature and made a diagnosis of bronchitis. 
The patient continued to do poorly and the breathing became progressively worse, 
but the mother found that the baby was more comfortable when sitting up. On 
repeated visits by the family physician, the temperature was never elevated. 

The physical examination revealed an acutely ill but well developed and well 
nourished female infant. The temperature was 100.6° F.; pulse, 160; respirations, 
84. The pharjmx and tonsils were red. There were a few enlarged cervical lymph 
nodes. There was dullness over the right upper chest anteriorly and in the right 
interscapular region. Coarse rhonchi were heard over the entire chest, with many 
rales in the right lower lobe and the right axilla. The borders of the heart could 
not be made out. There was a definite gallop rhythm, and the heart sounds were of 
poor quality; no murmurs were heard. The liver and spleen were palpable 2 
fingerbreadths and' i fingerbreadth below the costal margin, respectively. There 
were no other masses or tenderness. Roentgenograms of the chest revealed a 
markedly enlarged heart and fine mottling of both lung fields. The radiologic 
report was cardiac dilatation and pulmonary edema, consistent with circulatory 
collapse. The hemoglobin was 50 per cent and the white blood cell count 13,000, 
with 50 per cent polymorphonuclear leukocytes. 

On the patient’s return to the ward following roentgenologic examination of 
the chest, she became dyspneic, and despite artificial respiration and stimulants 
she died 2 hours and 5 minutes after admission. The clinical diagnosis was pneu- 
monia with cardiac failure. 
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Autopsy Findings 

Autopsy, performed 2 hours after death, was restricted to the 
thorax and abdomen. The body was well developed and well nourished. 

The right and left pleural cavities contained 32 and 50 cc. of clear, 
yellow fluid, respectively. The liver edge extended 5 cm. below the 
xiphoid process and the spleen 2 cm. below the left costal margin. 
The heart weighed 90 gm., as compared with a normal weight for this 
age of 44 gm. The myocardium was pale red-brown and flabby. There 
were no congenital abnormalities. The weight of both lungs was 257 
gm., compared with the normal weight for this age of 12 1 gm. Both 
were congested, with increased consistency and decreased crepitance. 
The cut surface revealed bright pink tissue with large amounts of 
frothy pink fluid exuding. In some areas it exhibited a meaty, red ap- 
pearance. The spleen and liver were both slightly enlarged, and there 
was gross evidence of fatty change of the liver. No other important 
gross findings were in evidence. Cultures of the heart’s blood and 
fluid from the thoracic cavity were negative, but in cultures of the right 
lung was grown a type 19 pneumococcus. The gross findings were 
pneumonitis and hypertrophy of the heart, the cause of which was 
obscure. 

Microscopic Examination. Tissues were fixed in Zenker’s solution 
and in formalin. Sections of the heart were stained with hematoxylin 
and eosin, Giemsa’s, Gram’s, and Foot’s reticulum stains, and schar- 
lach R. The sections of the left ventricle revealed a diffuse intersti- 
tial infiltration by lymphocytes, predominantly, but there were occa- 
sional plasma cells, polymorphonuclear leukocytes, a rare eosinophil, 
and large mononuclear cells with large vesicular nuclei and abundant 
eosinophilic cytoplasm. Although the exudation was widespread in 
the left ventricle, it was not uniform throughout. There were many 
focal collections, and in some areas these were closely packed, par- 
ticularly adjacent to the pericardium, where they formed groups in 
which the continuity of the muscle fibers was interrupted. There was 
a minimal involvement of the pericardium, with foci and scattered 
exudative cells beneath this layer. There was no inflammatory re- 
action on the epicardial surface. The endocardium was involved also 
in that portion contiguous with the myocardium, but not to a marked 
degree. The endocardium of the left auricle was thickened by an 
increase in the fibrous tissue. It was also edematous, but the endo- 
thelium was intact and without exudation. A section of a valve leaflet 
revealed some separation and fragmentation of the connective tissue 
but there was no evidence of thickening, vascularization, or cellular 
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infiltration. The cardiac musculature exhibited little definite evidence 
of degeneration. The myocardial fibers were well preserved and with- 
out loss of striationsj and only in a few areas were there occasional 
muscle fibers with fragmentation and shrinking, and distorted pyknotic 
nuclei. There was, however, a diffuse interstitial edema. The process 
in the left auricle was similar to that in the left ventricle but was much 
less severe. There were small focal collections of lymphocytes. The 
right ventricle also presented the same histologic picture as the left 
auricle. There appeared to be no involvement of the vascular system 
of the myocardium; neither was there any evidence of Aschoff bodies. 
Foot’s reticulum stain was noncontributory, nor did Gram’s or Giem- 
sa’s stains demonstrate bacteria or inclusion bodies. The scharlach R 
stain showed no demonstrable increase in stainable fat. 

The other microscopic findings were congestion and edema of the 
lungs, a mild interstitial pneumonia, toxic splenitis, toxic adenitis, and 
fatty change of the liver. 


Case s 

D. C., an ii-months-old girl, entered the hospital for the second time on August 
28, 1946 (no. A-301221), with cough and fever of 2 weeks’ duration. The family 
history was noncontributory. The patient had two older siblings living and welL 
The mother’s pregnancy had been uneventful except for edema of the ankles, and 
the delivery had been normal. The neonatal course was without complication until 
at 2^ months of age, when the patient developed an upper respiratory infection 
followed at 3 months by diarrhea. At this time she was first admitted to the 
hospital. She was placed on penicillin and chemotherapy, but in spite of this the 
diarrhea persisted for the first few weeks. The temperature ranged from normal 
to 103 °F. Twenty-three days after admission, bilateral mastoiditis was demon- 
strated roentgenologically. Bilateral antrotomy was performed, but the patient 
showed little improvement until i week after the operation, when improvement was 
rapid. She was discharged home on February 3, 1946, 31 days after admission. 

The patient was apparently well until 2 weeks before the second admission, 
when she developed a cough, fever, and grunting respirations. Four days before 
admission she received her last injection of whooping cough vaccine, and a mixture 
of diphtheria and tetanus toxoids. 

The physical examination revealed an acutely ill infant witli respirations of 84 
and a temperature of 103 °F. She became cyanotic on crying. The chest revealed 
slight inspiratory retraction, hyperresonance, and expiratory wheezes. The liver 
was palpable but there were no other abdominal masses. Fluoroscopy revealed an 
enlarged heart and poorly aerated lungs. Roentgenologic examination of the chest 
on the first admission had shown the heart to be of normal size. The white blood 
cell count was 15,000, with 60 per cent lymphocytes and 28 per cent polymorpho- 
nuclear leukocytes. The infant failed rapidly in spite of oxygen, steam, penicillin, 
sulfadiazine, and aminophylline and died 15 hours after admission. The clinical 
diagnosis was acute bronchiolitis. 

Autopsy Findings 

Autopsy, performed 6 hours after death, revealed a well developed 
and nourished female infant with slight pitting edema of the feet and 
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cyanosis of the lips. Examination was restricted to the thorax and 
abdomen. The liver edge was 4 cm. below the xiphoid process. There 
was no fluid in either pleural cavity. The heart was enlarged and 
dilated. The myocardium seemed normal except for the region of the 
interventricular septum, where there was some gray streaking. The 
endocardium was smooth and glistening except for moderate opacity 
and thickening in the region of the septum. The coronary arteries 
were injected by the technic of Schlesinger ^ and no anomalies or de- 
fects were found. The lungs exhibited some atelectasis and emphy- 
sema. There was evidence to support the diagnosis of aspiration 
pneumonia. The abdominal viscera were congested and edematous. 
In cultures of the heart’s blood Escherichia coli was grown, but the 
lung cultures were negative. The gross findings were consistent with 
congestive cardiac failure. The cause for cardiac hypertrophy was not 
established. 

Microscopic Examination. Tissues were fixed in Zenker’s solution 
and in formalin. Multiple sections of the heart were stained with 
hematoxylin and eosin, Giemsa’s, Gram’s, Foot’s reticulum, and Wei- 
gert’s elastic tissue stains, and scharlach R. All sections of the left 
ventricle were histologically similar. They presented a diffuse inter- 
stitial infiltration by lymphocytes with occasional polymorphonuclear 
leukocytes, plasma cells, and a rare eosinophil. The exudation was not 
uniform and in many areas exhibited large, ovoid collections of lympho- 
cytes. In these particular areas the muscle fibers had lost their con- 
tinuity and were not recognizable as such. In the remaining myo- 
cardium there was little evidence of damage except in one area, where 
there was a fine interstitial fibrosis adjacent to the endocardium. There 
was an occasional muscle fiber which showed hyaline degeneration, 
but the majority appeared histologically normal. There was, however, 
a diffuse, moderate, interstitial edema. The epicardium was not in- 
volved except that the exudate seemed to be more abundant in the 
myocardium adjacent to it. Nowhere was there evidence of pericardi- 
tis. The left ventricular endocardium was thickened by fibrous tissue, 
and there was a slight infiltration of this tissue that was contiguous 
with the myocardium. The interventricular myocardium presented an 
identical picture with an abundant lymphocytic exudate and edema 
that was more severe than that seen in the left ventricle. Sections of 
the right ventricle and left auricle also showed a similar interstitial 
exudation. Here the focal collections and scattered lymphocytes were 
much less abundant. Sections of the right auricle presented only a 
minimal inflammatory reaction. There appeared to be no abnormality 
of the coronary arteries. Sections of the mitral, aortic, and tricuspid 
valves showed no lesions except for slight edema. Weigert’s stain 
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24 hours after discharge he developed fever, cough, dyspnea, and restlessness, and 
was readmitted in a moribund state. He died 2 hours after admission, approxi- 
mately 66 days after the onset of illness. The clinical diagnoses were myocarditis, 
pneumonia, and congestive cardiac failure. 

Autopsy Findings 

Autopsy was performed 12 hours after death. Each pleural cavity 
contained 50 cc. of clear, yellow fluid, while the pericardial sac con- 
tained 20 cc. The heart was dilated and weighed iii gm., as compared 
with a normal weight of 45 gm. The pericardium was smooth and 
glistening and presented several small petechiae. The myocardium 
was soft, flabby, and red-brown, and in some areas was paler than is 
normal. The endocardium of the left ventricle was opaque and on 
section the surface appeared to be slightly thickened. No congenital 
V>bnormalities were seen. The lungs were increased in weight, con- 
gested, and edematous. There was some gross evidence of pneumo- 
nitis. There was congestion of the abdominal viscera with enlargement 
of both the liver and the spleen. The brain was edematous and con- 
gested. The findings were consistent with congestive cardiac failure. 
A post-mortem blood culture yielded no growth, while from the lung 
alpha streptococcus and Micrococcus catarrhalis were grown. The 
cause for hypertrophy of the heart was not found. 

Microscopic Examination. Tissues were fixed in Zenker’s solution 
and in formalin. Sections of the heart were stained with hematoxylin 
and eosin. Gram’s, Giemsa’s, Foot’s reticulum, Weigert’s elastic, and 
scharlach R stains. Sections of the left ventricle revealed an inter- 
stitial infiltration by lymphocytes, polymorphonuclear leukocytes, 
plasma cells, and eosinophils. The predominant cells were lymphocytic. 
The infiltrate was not uniform throughout the sections. In some, it 
was abundant with many focal collections, and in areas it appeared 
to be more prominent in the vicinity of the pericardium. Other sec- 
tions showed minimal involvement. The moderate amount of subepi- 
cardial fat showed some cellular infiltration, but nowhere did there 
appear to be any recognizable pericarditis. Many of the exudative cells 
were in the vicinity of the coronary arteries, but there was no evidence 
of a vascular lesion. There was moderate thickening of the left ven- 
tricular endocardium by fibrous tissue, but here again there was mini- 
mal involvement of the endocardium by inflammatory cells in areas 
contiguous with the myocardium. There was moderate interstitial 
edenia of the myocardium, but there was little evidence of degenera- 
tion. Only in the focal areas of lymphocytes were the myocardial fibers 
absent. In general, the cardiac muscle was well preserved and only 
occasionally was there a pyknotic nucleus. There was moderate con- 
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gestion of all blood vessels. The right ventricle presented similar 
interstitial infiltration, predominantly by lymphocytes. The exudate 
was spotty and much less severe than that of the left ventricle. Here 
again it was more abundant near the epicardium. Sections of the left 
and right auricle showed only an occasional focus of lymphocytes in 
close proximity to small arterioles; the Weigert stain exhibited a slight 
increase in elastic fibers in the left ventricular myocardium. Giemsa’s 
and Gram’s stains were negative for bacterial inclusion bodies. Foot’s 
reticulum stain showed no increase in connective tissue. Glycogen and 
scharlach R stains gave only negative results. Sections of the mitral 
valve revealed no evidence of abnormal structure. 

Other microscopic findings were a terminal bronchopneumonia, 
moderate congestion of liver and spleen, and toxic splenitis. 

Discussion 

It is not the primary purpose of this paper to discuss the clinical 
aspects of these cases, but there were striking similarities in all four. 
The onset of symptoms was relatively of short duration, ranging from 
3 hours to 3 weeks. Except for case 3, the mothers had observed cya- 
nosis, dyspnea, and anorexia. The family and past histories were all 
essentially noncontributory except for case 3, and these factors will be 
discussed in relation to possible etiologic agents. On admission to the 
hospital the patients were acutely ill, with rapid pulse, labored respira- 
tions, and an elevated temperature. There was enlargement of the 
heart either by physical examination or roentgenologically. Several 
electrocardiograms were done in case 4 and all showed sinus tachy- 
cardia, right axis deviation, and low T-waves in all leads, which sug- 
gested myocarditis or a digitalis effect. The lungs presented positive 
findings by percussion and auscultation, except for case i. The liver 
and spleen were palpable in all cases except case 3, in which only the 
liver was felt. The course in the hospital was of short duration in the 
first 3 cases, and was measured in hours. Only in case 4 did the patient 
survive sufficiently long for an adequate clinical study. The patho- 
logic findings were essentially the same. The bodies were well de- 
veloped and well nourished. The heart was enlarged and dilated, and 
an adequate cause for h3q)ertrophy was not demonstrated at the time 
of the autopsy. Congenital abnormalities were lacking. The coronary 
circulation followed the usual anatomic pattern, although in case i the 
prosector believed that he was dealing with a possible coronary occlu- 
sion. Microscopic sections of the coronary arteries, however, did not 
substantiate the gross impression. None of the t3qDes of coronary 
occlusion described by Stryker ^ were found. • The myocardial lesions 
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of case I did not resemble either tuberculosis or syphilis. Neither did 
this case resemble the characteristic granulomatous lesion described 
by Saphir,^ Magner,® and Jonas.’’^ This form of myocarditis is a 
clearly defined one, not unlike known granulomas and sometimes con- 
fused with syphilis and tuberculosis. It may well be that the heart 
of case I is an example of a myocarditis developing in utero. The 
remaining cases were all histologically similar and varied only in the 
amount of exudate. In summarizing the microscopic picture, the myo- 
cardium was diffusely involved by an interstitial exudate, consisting 
primarily of lymphocytes, but with an occasional polymorphonuclear 
leukocyte, plasma cell, eosinophil, and large mononuclear cell. There 
was moderate to severe interstitial edema, but there was little evidence 
of myocardial damage. Nowhere was there a specific lesion found, such 
as the Aschoff body. The endocardium and epicardium showed only 
minimal involvement. In cases 3 and 4 there was endocardial fibrosis, 
which was interpreted as fibro-elastosis (fetal endomyocarditis). The 
ventricular endocardium was moderately thickened by elastic fibers 
with extension into the underlying myocardium. In only one case 
(no. 3) was there patchy fibrosis of the myocardium. The lungs of all 
cases showed gross and microscopic evidence of interstitial pneumonia 
or bronchopneumonia. This was a terminal complication and histo- 
logically the inflammatory lesions of the heart antedated the pul- 
monary process. It is important to point out that no other major 
pathologic lesion was found. The incidental findings, such as the 
congested abdominal viscera, could all be explained on the basis of 
congestive cardiac failure. These 3 cases (2, 3, and 4), from the clini- 
cal and necropsy observations, appear to fall into the second more 
common tj^e of diffuse interstitial myocarditis. 

The etiologic basis for myocarditis of this type is unknown. The 
multiplicity of agents suggested in the literature makes this evident. 
For the granulomatous type it has been stated that tuberculosis or 
syphilis may be a possible cause even though the causative organisms 
are not demonstrated. Baker and Brian ® have called attention to 
blastomycetes as producing granulomas in the heart, and it appears 
possible that other organisms could produce this same type. Lillie and 
Francis ° have shown that Pasteurella tularensis can produce granu- 
lomas in the hearts of experimental animals. 

The diffuse form of interstitial myocarditis has appeared more fre- 
quently in the literature, and as a result more agents have been sug- 
gested as possible factors in causing this pathologic process. Severe 
burns, upper respiratory infections, toxins, influenza, and infectious 
diseases have been mentioned. According to other case reports, the 
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administration of adrenalin has produced myocarditis of a similar type. 
Experimentally, it has been produced with sparteine and adrenalin 
combined. Bismuth and the arsenicals have been attributed as factors 
in producing this condition. In relation, to this possible allergic re- 
sponse, French and Weller^® reported 126 cases of interstitial myo- 
carditis in which sulfonamide therapy was thought to be .the common 
etiologic agent. Wells and Sax recently have reported a case in 
which they believe sulfadiazine might well have been the cause of a 
myocarditis. Vitamin deficiencies, idiosyncrasies to sulfur ointment, 
and alcohol have been mentioned. Helwig and Schmidt,^^ in 1945, 
reported the death of two chimpanzees in their laboratory from cardiac 
failure and pulmonary edema. Histologically, the principal finding 
was an acute interstitial myocarditis. Pleural fluid from one animal 
was passed through 122 mice and with rare exceptions produced paraly- 
sis and acute myelitis. This same material has been used to produce 
similar myocarditis in guinea-pigs and rabbits. Finland, Parker, 
Barnes, and Joliffe have reported two cases of influenza A pneu- 
monia with a nonbacterial myocarditis. This would suggest that a 
virus infection may be linked with myocarditis of this type. 

In reviewing the possible etiologic factors reported in the literature, 
it would seem that the majority of them could be eliminated in the 4 
cases reported here, particularly in this age group. 

In case i, the cardiac lesion of this 21-day-old infant was nonspecific, 
although it suggested more of a granulomatous process. Histologically, 
it did not resemble a gumma or tuberculosis. Levaditi’s stain and acid- 
fast stains were both negative. Serologic examination of both parents 
was negative. Another possible factor which must be considered is a 
coronary occlusion, even though a careful examination of the heart was 
made grossly and microscopically. At this relatively early age an in- 
fectious process developing in utero must be thought of also. 

In case 2 there was the history of the mother developing pneumonia 
on the fourth day post-partum, and for that reason the baby was 
removed from breast feedings. This infant also contracted an upper 
respiratory infection 5 weeks before the onset of the terminal illness. 

In case 3 there was an upper respiratory infection at 3 months of age 
followed by bilateral otitis media. At this time chemotherapy was used 
and it was also administered during the brief last illness. Four days before 
the last admission she received the last injection of whooping cough 
vaccine, tetanus and diphtheria toxoid. On admission to the hospital 
a diagnosis of an upper respiratory infection was made. One might 
possibly conceive that the myocarditis in these two cases (2 and 3) was 
produced on an allergic basis since both gave a history of recent and 
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former upper respiratory tract infections. Mallory and Keefer have 
observed focal accumulations of lymphocytes, plasma cells, and histio- 
cytes beneath the endocardium, and to a lesser extent in the myo- 
cardium in cases of hemolytic streptococcus infections. Similar lesions 
were found in the kidney, liver, lungs, spleen, and pancreas in their 
cases. They suggested that these lesions were due in part to an antigen- 
antibody reaction. Although the lesions which they demonstrated in 
the heart were focal, it seems possible that a diffuse interstitial myo- 
carditis could develop on the same basis. 

“Sulfa drug” sensitivity as a possible etiologic factor appears re- 
mote. There was a history of chemotherapy at 3 months of age, and as 
far as it is known there was no further history of the drug until the 
terminal illness. Since the infant died 15 hours after admission, it 
would seem unlikely that the amount of myocardial exudation ob- 
served could possibly have occurred in that brief time. It is also evi- 
dent that the patient had cardiac involvement at the time of admission. 

The role of the inoculation in case 3 cannot be evaluated except that 
it might possibly have been an etiologic factor. 

Although case 4 was the only one in this series in which the patient 
lived long enough for an adequate clinical study, there is no lead to 
a possible etiologic factor. 

The pulmonary lesions in all four cases were essentially similar. 
Histologically, they did not represent severe inflammatory processes, 
but rather a terminal interstitial pneumonia. It is also interesting to 
note that all blood cultures were negative, although pathogenic organ- 
isms were cultured from the lungs. 

Summary 

In four instances of interstitial myocarditis in children, three were of 
the diffuse interstitial type and one could be included in the granuloma- 
tous group. 

At present there is no known cause for myocarditis of this type. 

The main purpose of this paper is to direct renewed interest toward 
myocarditis of an interesting and poorly understood type, which causes 
death in infancy as well as in later life. 
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Plate 202 

Fig. I, Case 2. Photograph of organs in situ. Of note is the relative size of the 
heart. 

Fig. 2. Case i. Low-power view of the left ventricle in the area of greatest dam- 
age, showing leukocytic infiltration, abundant capillaries, and loss of myo- 
cardial fibers. Hematoxylin and eosin stain. X 140. 

Fig. 3. Case i, - Higher powder view of the same area seen in Figure 2. Hema- 
toxylin and eosin stain. X 500. 






















Plate 203 

Fig. 4. Case 2. A representative section of the left ventricle, showing the leuko- 
cytic infiltration. Hematoxylin and eosin stain. X 100. 

Fig. 5. Case 2. A higher power view of the same area seen in Figure 4, showing 
loss of myocardial fibers. Hematoxylin and eosin stain. X 500. 

Fig. 6. Case 3. Low-power view displaying a diffuse interstitial exudate. Hema- 
toxylin and eosin stain. X 180. 

Fig. 7. Case 3. Low-power view of another area, showing a focal collection of 
lymphocytes. Hematoxylin and eosin stain. X 180. 
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Plate 204 

Fig. 8. Case 3. Photograph of organs in siin. Of note is the relative size of the 
heart, similar to that of Figure i. 

Fig. 9. Case 3. Low-power view of an area of fibrosis with minimal e.xudation, 
Hematoxjdin and eosin stain. X 250. 

Fig. 10. Case 3. A higher power view of the same area seen in Figure 9, showing 
types of exudative cells — lymphocytes, plasma cells, macrophages, and poly- 
morphonuclear leukocytes. Hematox}’lin and eosin stain. X 500. 


1232 










Plate 205 

Fig. II. Case 4. Photograph of organs hi situ. Similarity to Figures i and S may be 
noted. 
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Plate 206 

Fig. 12. Case 4. View of the open left ventricle. There is a generalized opacity 
of the endocardium (fibro-elastosis). 

Fig. 13. Case 4. Low-power view showing the diffuse interstitial leukocytic 
infiltration. Hematoxylin and eosin stain. X 140. 

Fig. 14. Case 4. Higher power view of the same area seen in Figure 13. The 
exudate is predominantly h'mphocytic in this field. Hematoxjdin and eosin 
stain. X 500. 
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STRUCTURE OF THE GLOMERULUS OF THE HUMAN KIDNEY* 

J. F. A. McManxiSj M.D. 

(From the Department of Pathology, The Medical College of Alabama, 

' Birmingham 5, Ala.) 

Present opinion, following the studies of McGregor,^ Bell,^ and 
others, considers the glomerulus of the human kidney as a simple con- 
tortion of capillaries, lacking any stromal elements. In direct opposi- 
tion to this, Zimmermann® gave a description of the mesangium — a 
connective tissue framework for the glomerulus. Kimmelstiel and 
Wilson ^ and Goormaghtigh utilized the concept of mesangium in 
discussions of glomerular alterations in disease. Difference of opinion 
on a matter so fundamental as glomerular structure suggested a review 
of the matter with the periodic acid-Schiff’s reagent (PAS) technic.®’® 

This paper describes and illustrates the results of a study of the 
human glomerulus with particular reference to the basement membrane 
and the stromal elements or mesangium. The method of study is the * 
coloring of paraffin sections by the PAS technic with which there is a 
selective coloring of the basement membrane of the renal tubule and 
glomerulus.®’® The report includes the description of the glomerulus 
in kidney disease of several types. 

Materials and Methods 

Much of the material came from the autopsy and surgical series of 
the Jefferson-Hillman Hospital. Slides from the files of the old Hill- 
man Hospital (1921-1944 inclusive) were colored by PAS after re- 
moving the coverslips in xylene and decolorizing in i per cent hydro- 
chloric acid in 70 per cent alcohol. Cases of traumatic uremia and some 
normal material had been collected during the European campaign 
of World War II. • Other specimens were sent in by various patholo- 
gists. 

The tiihe or type of fixation is not crucial in the study of the glomeru- 
lar basement membrane with the PAS technic. The basement mem- 
brane is preserved in tissues in which autolysis is advanced. Zenker’s 
formol is the best of the routine fixatives for the glomerular basement 
membrane and Bouin’s fluid and Holmgren’s ®“ 4 per cent sub-acetate 
of lead are useful because of their ability to preserve carbohydrate in 
sections. Dehydration by autotechnicon t preserves somewhat less of 
the PAS-colored material in the glomerular basement membrane than 

* Aided by a grant from the Life Insurance Medical Research Fund. 
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Read by title at the Forty-Fifth Annual Meeting of The American Association of 
Pathologists and Bacteriologists, Philadelphia, March 12 and 13, 1948, 
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the slower technics. The staining technic for the basement membrane 
is that previously described in detail.® 

Where blocks were available, sections were cut generally at 6 /x. 
Thin sections at 3 ja and thick sections at 25 /x were cut on occasion. 
A few serial sets were made. 

The Normal Glomerular Basement Membrane 

In thick sections, the glomerular loops were seen as a tangled skein 
of tubes of inconstant caliber. Unequal dilatation of the loops oc- 
curred after death from heart failure and the larger loops could be 
traced to the efferent vessel. All of the loops were covered with a 
deeply colored basement membrane which showed apparent points of 
concentration where loops lay in contact. 

In 3 jx sections, it could be seen that the afferent vessel divided into 
a number of branches, each having a basement membrane continuous 
with that of the arteriole. If the loop was situated peripherally near 
the root of the tuft, its basement membrane connected with that of the 
parietal layer of Bowman’s capsule. A short distance after the division 
into branches, i.e., the formation of loops, or at times immediately, 
the loops became contorted and could not be followed adequately. 

In sections 6 to 8 /x thick, a loop could be seen at times to curve 
about a central axis (Fig. i). The basement membrane covered the 
loops and an intervening axial space. Studying this same area in the 
thinnest sections, it could be seen that there might be a nucleus in the 
central (axial) portion or, more commonly, the space might appear 
empty except, perhaps, for cytoplasm (Fig. 2). Frequently the axial 
cells projected knobs of their cytoplasm into two or more adjacent 
loops. In some cases the portion of the basement membrane which 
lay over the axial cells, i.e., between the loops, could be seen to be 
thickened (Fig. 2), producing one variety of the “axial thickening” 
of Kimmelstiel.^ 

It was impossible to define the cells in the axial space as endothelium 
or as epithelium. Their nuclei stained like endothelial cell nuclei with 
phosphotungstic acid hematoxylin. Calling them “third type” cells 
might serve for purposes of description while prescinding from the 
question of their origin. No myofibrils were seen in their cytoplasm, 
either in material taken for biopsy or from autopsies performed from 
30 to 45 minutes after death, after any fixative, or with any stain. 

Sometimes, as McGregor ^ pointed out, a coarse axial fiber in the 
glomerulus could be traced to the parietal basement membrane of 
Bowman’s capsule, this being especially noticeable when the latter was 
thickened (Fig. 3). That represented the only connection that could 
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be recognized between the axial space and an extraglomerular struc- 
ture. 

In summary, the glomerular basement membrane in the normal hu- 
man kidney is formed from the basement membrane of Bowman’s 
capsule which becomes attached to the arterioles of the glomerular 
root. Covering the tuft, the glomerular basement membrane encloses: 
(i) the capillaries of the loops which have no basement membrane of 
their own; (2) the endothelial cells of the capillaries; (3) the axial 
space between the loops where the basement membrane is reflected 
over the loops; (4) the infrequent axial or third type cell in these 
spaces; and (5) occasional fibers which pass into the glomerulus from 
Bowman’s capsule. 

It is possible that only epithelial basement membrane is being 
shown in the glomerulus with PAS. Capillary linings are shown else- 
where. The studies of abnormal glomeruli to be described make this 
improbable. 

The Glomerulus in Some Diseases 

The glomeruli in renal diseases of specific t3q)es have been studied 
because of the apparent involvement of the axial space or of the de- 
scription of mesangial lesions. The series includes: 

Diabetes mellitus 4 cases 

Intercapillary glomerulosclerosis 6 cases 

(2 nondiabetic) 

Acute glomerulonephritis 10 cases 

Eclampsia 16 cases 

Pregnancy controls 12 cases 

Wounding (crush) kidneys 10 cases* 

Thin microscopic sections of kidneys in diabetes mellitus, colored 

with PAS, were the best material in which to recognize the axial space. 
The axial area always was prominent and colored strongly with PAS. 
It usually appeared finely fibrillar, as Bell ^ described, although Bell 
considered the fibrils to be intracapillary. These fibrils were colored 
by PAS while the fibrils of muscle cells were not. The intercapillary 
glomerulosclerosis of Kimmelstiel and Wilson,^ when it occurs in dia- 
betes, appears to be an accumulation of a PAS-positive material in 
the axial space and need not be accompanied by thickening of the 
basement membrane of the glomerulus. 

The kidneys with intercapillary glomerulosclerosis showed, in the 

♦These lo cases were part of a group of 35 battle casualties collected in a study 
of the kidney after severe wounds. The 10 were selected for review in this article 
because of early autopsy and adequate fixation. 
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earliest stages, the deposit of a strongly colored hyaline material in 
the axial space. The later stages showed gradual increase of the inter- 
capillary hyaline material and usually all or many stages could be 
seen in one kidney. Finally, the loops were situated peripherally 
about the hyaline mass. The largest or most involved loops had an 
inner limit or “basement membrane” made up of the hyaline mass. 
The peripheral true basement membrane might not be thickened or 
distorted (Fig. 4), although this happened frequently in the non- 
diabetic cases. Sometimes the hyaline mass included nuclei as though 
this were some storage process associated with an increase of cells of 
the third type. 

The cases of acute glomerulonephritis showed the customary in- 
creased glomerular cellularity. A proportion of this appeared to be due 
to endothelial proliferation. A striking feature of the situation of 
some of the additional cells, including polymorphonuclear leukocytes, 
was their localization in the axial space of the glomerulus (Fig. 5). 
Pyknosis of nuclei might be seen, possibly those of third type cells. 

The t3q)ical glomerulus in eclampsia in thin sections appeared lobu- 
lated, the individual capillary loops being separate and discrete. This 
lobulation was in contrast to the lobation of acute glomerulonephritis 
in which the glomerulus appeared divided into two, three, or four main 
portions or lobes. 

The capillary loops were very prominent and were covered with 
numerous epithelial cells. I am not sure that there had been an actual 
increase in the epithelial cells. It may be that autolysis had not oc- 
curred and that the normal number of cells remained. The loops them- 
selves had the appearance of being turgid or erectile. There was a 
constant vacuolation of the axial space and this sometimes involved 
the endothelial cells (Figs. 6 and 7). There was no thickening of 
the basement membrane or proliferation of the endothelial cells, and 
there was no cellular infiltration of the mesangium. The control preg- 
nancy material showed no. similar reticulation. 

The vacuolation of the axial space which produced reticulation of 
the glomerulus in eclampsia was a striking and characteristic lesion. 
It was not due to fatty change or infiltration in 2 cases available for 
frozen sectioning. Two cases which were clinical lipoid nephrosis — 
actually early chronic glomerulonephritis — showed reticulation of the 
axial space besides adhesions and thickening of the basement mem- 
brane. In these cases reticulation was due to triglyceride fat, colorable 
with Sudan IV, as Bell mentioned in his study of lipoid nephrosis. 

I have found an occasional glomerulus in some cases of hyperten- 
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sion which showed reticulation, not due to lipoid. The lesion in these 
cases is restricted to a few glomeruli and is not a diffuse finding as in 
eclampsia. 

Discussion 

The arrangement of the basement membrane in the normal glomer- 
ulus, as demonstrated by PAS, corresponds more closely to the descrip- 
tion of Zimmermann ® than to that of McGregor.^ The latter recog- 
nized the thickened portions of the glomerular basement membrane 
and the localization of a third t)T)e cell at these points, but considered 
these thickenings as “orifices into” or “passageways between” loops. 
The possibility of the third type cell being a “connective tissue cell” 
was mentioned by McGregor. Zimmermann identified the third cell 
as a fibrocyte, presumably a connective tissue cell. 

The glomerulus is best visualized as a set of discrete, non-anastomos- 
ing, vascular channels invaginating the basement membrane of the 
Bowman’s capsule. Rare pericapillary cells exist in the intercapillary 
or axial space, where the basement membrane is reflected over adjacent 
loops. No evidence of a double basement membrane is found, except 
in injected kidneys. The lesions for which MacCallum,^^ Goormagh- 
tigh,®"'^ and others supposed a double basement membrane can be ex- 
plained by the arrangement described. 

Goormaghtigh considered the third cell as a muscle cell controlling 
the “tonus” of the glomerulus.®"'’^ He described multiplication of the 
myocytes of the mesangium in. acute glomerulonephritis and hyper- 
trophy and hyperplasia of these cells in eclampsia. The changes in 
both these conditions were said to be similar to the changes in the 
kidney in “traumatic uremia” or the “crush” kidney (Fig. i). I have 
not found the changes described by Goormaghtigh. The glomerulus in 
traumatic uremia is little if at all involved and shows no resemblance 
to the glomeruli in either acute glomerulonephritis or eclampsia. 

Acute glomerulonephritis is an acute inflammation of the glomerulus 
which involves the capillaries and the axial space. The localization of 
inflammatory cells in this space and subsequent fibrosis would explain 
the “intercapillary” lesions (Fig. 8) of MacCallum.^^ The proliferating 
endothelial cells within the capillaries in acute glomerulonephritis be- 
come outlined with PAS-positive material. This “arteriole-like” ap- 
pearance of the loop may furnish the basis for later intracapillary 
fibrosis (Fig. 9). Both intercapillary and intracapillary lesions may 
be seen in one glomerulus (Fig. 10). 

The specific lesion of the glomerulus in eclampsia is restricted to 
the cells of the mesangium or axial space. These cells become swollen 
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and vacuolated. The resulting “reticulation” of the glomerulus in 
eclampsia was described and illustrated by Dunn. Jaffe called 
the glomerular lesion in eclampsia an “edema of the tuft,” which would 
agree with the present description. 

Intercapillary glomerulosclerosis could be the result of “trapping” 
a glycoprotein in the axial space. Practically identical findings were 
seen in 2 cases of chronic glomerulonephritis (probably type II of 
Ellis and one wonders whether a chemical or serologic similarity 
could be found between the urinary protein in the diabetic and glo- 
merulonephritic cases which show similar glomerular lesions. The fat 
in the axial space in lipoid nephrosis might be accumulated in a similar 
fashion or might be the result of an injury to the mesangial cells. 

Allen considered and dismissed the possibility of a mesangial 
origin for the hyaline material in intercapillary glomerulosclerosis. 
Reticulin stains show a lamination of the hyaline deposit in the glo- 
merulus which Allen interpreted as evidence that the material is 
formed by duplication of the internal capillary wall. I do not think 
this is the mode of development of the lesion. In the first instance, 
the internal or axial capillary wall does not color with PAS (Fig. 2 ) . 
On occasion, the hyalin of the intercapillary lesion can be seen to 
inject, as it were, one leaf of the axial space (Fig. ii). Furthermore, 
I do not see how it is possible in sections to differentiate fibrils from 
irregularly deposited hyaline material, laid down in strata. 

The questions of nature and function of basement membrane are 
raised in pointed fashion by these studies on the glomerulus. In its 
original morphologic use, the term refers to hyaline linear structures 
visible microscopically at epithelial-connective-tissue and epithelial- 
capillary junctions. Empirical methods of staining have produced no 
definite evidence for the generally held belief that basement membrane 
is related to intercellular substance, known to contain the carbohy- 
drates hyaluronic acid and chondroitin-sulfuric acid. 

The glomerular basement membrane fits the criterion of position 
at an epithelial-capillary junction. The strong coloring which it shows 
with Schiff’s reagent after periodic acid suggests a carbohydrate con- 
stituent. 

Summary and Conclusions 

The basement membrane in the normal glomerulus as shown with 
the PAS technic derives from Bowman’s capsule and attaches to the 
arterioles at the glomerular root. It encloses capillary loops and 
certain infrequent stroma cells of the mesangium, the latter in the 
intercapillary or axial space. 
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The axial space is prominent in diabetes mellitus. It appears finely 
fibrillar, as was described by Bell. 

Marked involvement of the axial space can be seen in various dis- 
ease conditions. These can be tabulated as follows: Acute inflamma- 
tion in acute gbmerulonephritis; glycoprotein accumulation in inter- 
capillary glomerulosclerosis; vacuolation and reticulation in eclamp- 
sia; lipoid accumulation in “lipoid nephrosis.” 


REFERENCES 


I. McGregor, L. The finer histology of the normal glomerulus. Am. J. Path., 


1929, 5 , 545 - 557 - 

2. Bell, E. T. Renal Diseases. Lea & Febiger, Philadelphia, 1946, 434 pp. 

3. Zimmermann, K. W. tlber den Bau des Glomerulus der Saugerniere. Ztschr. 

/. mikr.-anat. Forsch., 1933, 32, 176-278. 

4. Kimmelstiel, P., and Wilson, C. Intercapillary lesions in the glomeruli of the 

kidney. Am. J. Path., 1936, 12, 83-97- 

5- Goormaghtigh, N. La doctrine de la cellule musculaire, afibrillaire, endocrine 
en pathologie humaine. 2. Le rein de I’eclampsie puerperale. Bull. Acad, 
roy. de med. de Belgique, 1942, 7, s.6, 194-216. 

6. Goormaghtigh, N. La fonction endocrine des arterioles renales. R. Fonteyn, 
Louvain, 1944. 

7- Goormaghtigh, N. The renal arteriolar changes in the anuric crush syndrome. 

Am. J. PatiL, 1947, 23, 513-529- . , - J- -J 

8. McManus, J. F. A. Histological demonstration of mucm after periodic acid. 


Nahire, London, 1946, 158, 202. 

9- McManus, J. F. A. The periodic acid routine applied to the kidney. Am. J. 

Path., 1948, 24, 643-653- , J t, f „ 

9a. Holmgren, H. Studien fiber Verbreitung und Bedeutung der chromotropen 
Substanz. Ztschr. f. mikr.-anat. Forsch., 1940? 47j 4S9-521- 

10. Bell, E. T. Lipoid nephrosis. Am. J. Path., 1929, 5> 587-622. 

11. MacCallum, W. G. Glomerular changes in nephritis. Bull. Johns Hopkins 


Hasp., 1934, 55, 416-432. , 

12. Baird, D., and Dunn, J. S. Renal lesions in eclampsia and nephntis of preg- 
nancy. J. Path. & Bact., i933) 37 > 291-309. ^ 

13- Dunn, J. S., and Montgomery, G. L. Acute necrotismg glomerulonephritis. 

J. Path. & Bact., 1941, 52, 1-16. ^ . , t 

14. Jaffe, R. Lecture Given at Chicago Lying-in Hospital, Januaiy 31, 1934- 
Cited in: Dieckmann, W. J. The Toxemias of Pregnancy. C. . os y 
Co., St. Louis, 1941, p. 54 - 

15- Ellis, V. H. Natural history of Bright’s disease. Lancet, 1942 i. i-7- 

16. Allen, A. C. So-called intercapillary glomerulosclerosis. Arch. Path., 1941^ 


32, 33-51- 


[ Illustrations follow ] 



DESCRIPTION OF PLATES 


Plate 207 

Fig. I. Glomerulus from “crush” kidney after severe wounding. Loops at left 
center are arranged about a central axis. Periodic acid-Scbifi’s reagent (PAS). 
X about 300. 

Fig, 2. Glomerular detail. The patient was a healthy adult male in shock from a 
chest wound 18 hours before death. Axial space is left as a T-shape by re- 
flection of basement membrane over adjacent loops. PAS. X about 800, 

Fig. 3. Same case, same glomerulus and technic as sho^m in Figure 2. Coarse 
fiber enters from the parietal basement membrane on the right. PAS, X about 

300- 

Fig. 4. A-6s 7. Intercapillary glomerulosclerosis in arteriolonephroklerosis. Cen- 
trally placed, hyaline, lamellar material with intact peripheral basement mem- 
brane. PAS, hematoxylin counterstain. X about 800. 

Fig. 5. Acute glomerulonephritis. Proliferation of endothelial cells. Infiltration of 
amal space. PAS, hematoxylin. X about 800. 

Fig. 6, Eclampsia, Vacuolation of axial space extending to endothelium. PAS, 
hematosylin. X about 800. 
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'Plate ■ 207 







Plate 208 


Fig. 7. Eclampsia. Separate capillary loops wth fine reticulation of axial space. 
PAS, hematoxylin. X about 300. 

Fig. 8. Subacute glomerulonephritis. Early fibrosis of axial space with intact 
peripheral basement membrane in capillary loops. PAS. X about 250. 

Fig. 9. Same case as shown in Figure 8. Diffuse intracapillary and axial fibrosis 
in progress. PAS. X about 250. 

Fig. 10. Subacute glomerulonephritis. On the right of the glomerulus the peripheral 
loops are spared, producing intercapillary disease. To the left, the loops are 
involved diffusely, producing intracapillar)" disease. PAS. X about 250. 

Fig. II. Intercapillary glomerulosclerosis in a hypertensive diabetic patient. 
Of note is the peripheral displacement of loops with little change in caliber. 
PAS. X about 250. 

Fig. 12. Higher magnification of Figure 2. X about 1250. 
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Structure of the Glomerulus 











CELLULAR CIUVXGES IX RABBITS DURING 
ANTIBODY FORMATION 

I. Response to Eberthella tvphosa ^ 

CaicnTo:; lilcNnix, M.D. 

(From the Department of Pathology, University of Utah School of J.frdi'Ir.e, 

Salt Lake City, Utah) 


Pathologists arc well aware that certain cell groii})s, constituting a 
granuloma, represent a reaction of tissues to antigen of a sjiecific type. 
In most instances this tissue reaction is successful in retarding the 
grow'th of living agents or of eliminating the antigen, and this we at- 
tribute to an immune response of cells. However, while we arc keenly 
aware of cell reactions representing an immune response, we are almost 
entirely unaware of cell reactions preceding immunity when atuibodies 
are 'developing. 

In the past 4 decades many attempts have been made to locate 
the site of antibody formation so that the pathologist might identify 
clearly the early stages of a disease process, but at pre.^ent confusion 
still exists. Today a survey shows that there arc four tlicories. One 
contends that cells of the reticulo-cndothelial system phaEocyti^'c the 
antigen and produce the antibody. This theory is .supported by “block- 
ade” experiments of the rcticulo-endothelial .system,’"’' by d3'e-taggcd 
proteins,’’ and bj* the removal of organs. Another theory supj>orts 
the lymphatic cell as the locus of antibodv* formation on the ba.^is of 
serologic studies showing siighth’ more agglutinin in l\*mph node than 
in scrum. A third opinion recognize.'? that aggregates of jilasma 
cells contain much more antibody than other tissue.':.” A fourth 
investigator has submitted evidence that cells art' not neceS':.ary for 
antibody formation."- 

Therefore, under conditions of inflammation, the palhologi-.! jN not 
j?urG what interpretations are suitable when lie obs'crves unusual r.,n- 
centrations of reiiculo-cndothelia! celb. lymphocytts, or plasma to ll'-. 
It is toward a solution of thi.s problem that the pre.^ent n r-.-rt s:- di- 
rected. 
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node were selected for study as being ideal because of convenience and 
consistency of lymph node size. 

As a control study, to obtain baseline figures, right and left deep 
cervical lymph nodes of 5 normal rabbits were removed and divided. 
One half was immediately fixed for a paraffin section and tlie cut sur- 
face of the other half was carefully scraped with a sharp knife so that 
the scrapings floated into normal rabbit serum. In this way the entire 
contents of one-half of the node could be suspended in the serum for 
the preparation of smears which were quickly dried and stained by 
Wright’s method, using buffered water of pH 6.9. Evenly distributed 
cells were alwa3^s obtained and upon these preparations differential cell 
counts could be performed easily and rapidly. This method gave 
permanent mounts which could be restudied at any time, and for this 
study seemed more satisfactory than the supravital technics.'^’*^ One 
thousand cells were counted on each side, thus giving tlie observer a 
proper survey of cell types. Slight changes in numbers of cell types 
could readily be recognized. Skin sections, lymph node sections, and 
peripheral blood smears were obtained also. 

Figure i illustrates the six cell types which may be seen in the lymph 
node smears. Table I shows the distribution of these cells per 1000 
and includes disintegrated cell elements. Heterophil granulocytes are 
very scarce in the normal lymph node smears. 

It seemed advisable to study peripheral blood smears for possible 
reflected changes in cell types. Table II shows the results of differ- 
ential and total blood counts of 1 1 normal rabbits. These counts cor- 
respond quite well with the figures published by those who have done 
hundreds of counts.'”’--'’ Emphasis was placed upon the differentiation 
of large and small lymphocytes so that any alteration might be corre- 
lated with lymph node smears. 


Changes in Skin, Lymph Nodes, and Blood of Rabcits 
Injected with A.ntigen (Eijerthella t\tiiosa) 

Rabbits were injected intradermally over the right mandible with 
0.5 cc. of killed Ebcrlhclla typhosa bacilli in concentrations given below. 
:\ single dose was given to all at the same time and then the animals 
v.-erc killed at intervals as described below. The following materials 
were saved for study: (r) skin for sections stained with hcmato.xylin 
and eodn. ) lymph node.s (right and left) for hematox\'Iin and eosin 
preparations, smears, and extraction for antibody titer, fj) .serum for 
.-intirvofty titrr, and {’4) blood .‘srnear.s for differential count.s. 

E\p- rivu nt i. Five rabbits received 0.5 cc, of the vaccine lontnin- 
• ' 4 ; biU'ors bacilli [kt cc., as .superficially as po-e-ihle into the .*;kin 
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over the angle of the right mandible. A sixth animal, as a control, 
received a sterile saline injection in the same location. The 5 antigen- 
injected rabbits were bled, blood counts were taken, and tlic animals 
were killed by air injection on the 2nd, 5th, 8th, lotb, and 15th days. 
During the course of the experiment none of the animals showed un- 
toward effects of the injection and the control rabbit v.ms sacrificed 
and examined on the 3rd day. All animals were autopsied immediately 


TAm.t I 

Differential Lymph Node Cell Counts {jooo Cells) on j Normal RahbiSs 
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the lymph nodes and to correlate these changes with cellular changes. 
In the first three groups of animals serologic tests were carried out 
using the usual tube dilution technic. Maximum agglutination occurred 
using 5 billion bacilli per cc. In experiment 4, Heidelberger and Ra- 
bat’s agglutination and agglutinin nitrogen method was used. 

Results 

Skill 

A uniform progressive change occurred in the skin of all of the 
antigen-injected animals, and this response may be described in the 
following phases extending from 6 hours to 15 days: Phase i, a diffuse 


Table II 

Total and Differential {per looo cells) Peripheral White Blood Cell Cotinis 

on Normal Rabbits 


Rabbit 

no. 

Total white 
blood cells 

Small 

lympho- 

cytes 

Lar;:c 

lympho- 

cyte.s 

1 

Pseudo- 

eosino- 

phils 

Neutro- 

phils 

Mono- 

cytes 

Baso- 
phils 1 

Eo.sino- 

phils 

I 

8,650 


26 

46 

I 

3 

8 

3 

2 

5*9^0 


20 

49 

I 

I 

2 

0 

3 

7,200 


28 

42 ' 

0 

2 

2 

0 

4 

8,000 

40 

16 

40 

0 

2 

2 

0 

5 

9,400 

32 

23 

41 

0 

0 

4 

0 

6 

4rS00 

44 

9 

35 1 

2 

3 

6 

I 

7 i 

9,800 

32 

23 

45 

0 

0 

0 

0 

8 , 

12,800 

40 i 

12 j 

45 

0 

0 

2 

X 

9 

8,750 



57 

0 

0 

2 

2 

ro 

5,500 



60 

0 

2 

2 

I 

XI 

7,600 



41 

0 

4 

3 

1 ^ 

Avcrajrc 

8,009 

29.6 

Si 

45-6 

0.36 

1*5 

3‘0 

0.73 


edema and infiltration of the upper corium with pseudo-eosinophilic 
and eosinophilic granular leukocytes and no trace of the injected 
bacilli in bacteria-stained sections. The duration of this change was 4S 
hours (Figs. 2 and 3). Phase 2, heavy concentrations of these leuko- 
cytes and focal collections in the deeper portions of the corium and in 
the superficial muscle layer. Infrequent large macrophages were pres- 
ent. The duration of this change was 3 to 6 days. Phase 3, return of 
the sl'.in to normal except for one or two pinhead-sized yellow areas 
in the corium which on microscopic e.xamination had a tiny, central, 
nercrotic zone and a granulomatous capsule of macrophage.s and fihro- 
biasts. Healing had all but been completed. The duration was K to 
f." days. 


Lymph Xode Smears 

(. f f f yn ^dtNT.'rrct changes in numbers and proportions of cells oc- 
nV» * *'*' ^ novde- during the cotir.'c of the exjierinienfs. 'fable 

t tj.*- re:*:!]!.', of diuerential counts done on the right cer* 
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and decrease rather rapidly until at 48 hours their number is reduced 
to normal. 

At the time that the eosinophilic cells decrease (48 hours), the 
lymphoblasts go through an interval of hyperplasia which lasts for 3 
days or more, during which there is a five-fold increase in their num- 
ber. Text-Figure i, which compares the numerical changes in lympho- 



Days after injection 3 6 9 12 15 o 2 46 8 id 

•Antibody titer 00 ? 1:40 1:40 1:20 00 o i: 6 q 1:60 


Tcxt-Ficurc 1. Lymph node differential counts. The curves show the sudden nst 
niid of lymphobleists between the seconci and sixth days after injection. The solid hne 
ind:(Uitc5 results on smears from the right nodes, and broken line, from the left nodes- 


blasts with the time interval in experiments i and 2 , shows this dia- 
grnmaticalK*. The diagram includes the differential counts done on the 
leu cervical nodes and shows that a slight simultaneous hyperplasia 
Oi lytnp'hoblasts j,$ present in these nodes too. Table III shows that 
iii(. cxrKuirncnt is repeated several times the number of lyrnpho- 
gradually over 4 to 0 days, while 7’c.xl-Figure i shows 
w* drop irs lynijuioblasts in each experiment. It mu.st be kept 

experiments, include only a is-day interval, which 
rcr; the primary ph.asc of cellular changc.s in the 
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Basophilic lymphocytes, which have been compared to the plasma 
cell, share in the hyperplasia with the lymphoblasts but at a slightly 
later interval. During the first two experiments it was thought that 
this basophilic cell increase was an isolated observation, but the aggre- 
gate of experiments shows a small but definite band of hyperplasia 
from the 5th to the 7th day just at the time of appearance of an agglu- 



320 


280 


240 


200 


160 


120 


80 


40 


Days after injection 246810 135 7 10 

Serum titer o 1:160 1:160 o o 1:20 1:80 1:140 


Text-Figure 2. Lymph node differential counts. The solid line indicates the in- 
creased number of large lymphocytes in smears from the right nodes after lymphoblastic 
hyperplasia. The broken line shows the number of large lymphocytes in smears from 
the left nodes. 

tinin titer. This is not to be interpreted as a definite correlation at 
this time; 

The evaluation of the changes in number of the large lymphocytes 
is somewhat more difficult but it may be stated generally that there 
appears to be a general increase after the interval of lymphoblastic 
activity. In order to bring this out it is necessary to examine Text- 
Figure 2, which shows the occurrence of these cells in experiments 2 
and 3. Especially in experiment 3 the right lymph node smears show 
a steady rise in the number of large lymphocytes. The heavy black line 
across the center of the figure indicates the normal number of large 
lymphocytes per 1000 cells. It is observed also that it is these cells 




which pinch off small globules of blue-staining cytoplasmic material, 
which has been referred to as “shedding.”'® It seems to me that 
wherever there are large lymphocytes this shedding phenomenon oc- 
curs, no matter what interval of antigen stimulation ,is represented. 
More shedding, of course, occurs when the number of large lympho- 
cytes increases. 

Another observation must be included for whatever interpretation 
might be deduced. Frequently, large lymphocytes were found to con- 
tain eosinophilic granules in their cytoplasm, not unlike those of 
eosinophilic leukocytes. This observation was made only at the stage 
when the eosinophils were disappearing (48 hours), and many gran- 
ules were found loose in the smear. 

Other cells differentiated in the nodal smears did not go through sig- 
nificant changes. Small lymphocytes are always present in large num- 
bers and, of course, their number decreases as other cells become hyper- 
plastic. But this does not measure the true status of this group since a 
fixed number of cells is counted. Comment on this point will be in- 
cluded in the section on the fixed lymph node material. Reticulum 
cells failed to show hyperplasia during the time interval represented. 
One would think that had this cell been stimulated to perform some 
function, a slight or moderate change in number would have occurred. 
Disintegrated cells seemed to increase somewhat during the longer 
intervals. Since these cells seemed to represent broken-down large 
lymphocj^tes with only the nuclear portion remaining, this increase is 
understandable because of the increase in large lymphocytes in the 
more prolonged experiments. 


Lymph Node Sections 


Cellular changes in the sections of lymph nodes were inconspicuous 
when compared to the changes in the smears. Edema and hyperemia 
of the hilar region and medullary zone (Figs. 4 and 5) occurred early 
in the right cervical nodes but not in the left. This was followed and 
accompanied by an infiltration of pseudo-eosinophilic leukocytes in the 
same areas. These Icukoc>^tes seemed to gather in groups of about 6 
or S cells and were rarely found in the cortical sinuses. Some appeared 
to be undergoing disintegration, as was noted in the smears, but in the 
sections a k w large cells with distinctly smooth, eosinophilic cytoplasm 


were usually nearby (Fig. 5). As .seen under the oil immer.sion len.s, 
they coulfi liave been either reticulum cells or large lymphoc>’te.s. One 
clay later, at 77 hours, Jyrnphobla.stic activity v;as evident, .‘scattered 
thnv.r.-Jnuf. the medullary zone and not, as might be expected, in the 
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Percent 

tage 

of 

lympho- 

cytes 


Total 

white 

blood 

cells 


primary follicles. On close inspection one could not make out any 
significant changes in the primary follicles despite the rather obvious 
activity going on in the central portion of the lymph node. There was 
a possible increase in small lymphocytes in the sinusoids. By the 5th 
day the lymph node sections appeared normal and the appearance 
was then identical to that of the left cervical nodes. 



Text-Figure 3. Changes in percentage of large and small lymphocytes in the peripheral 
blood in antigen-injected rabbits. The upper portion shows the reversal of small lympho- 
cytes and large lymphocytes after lymphoblastic hyperplasia. The lower portion shows 
essentially no change in total white count. NLSL, normal line of small lymphocytes. 
NLLL, normal line of large lymphocytes. Broken line, small lymphocytes; solid line, 
large lymphocytes. 
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Peripheral Blood Smears 

At the time each animal was autopsied a total white and differential 
bipod count was performed. Text-Figure 3 shows the significant 
changes, which appeared to be limited to the lymphocytic series for 
the most part. At the lower portion of this figure is shown the total 
white cell count, which did not deviate significantly from the normal. 
Above is shown the reciprocal behavior of the large and small lympho- 
cytes during the course of the experiment. The change in preponder- 
ance from small to large lymphoc3’-tes is seen to occur at the interval of 
the increase of large l3nnphocytes in the lymph node smears. This 
seems to show then that these large lymphocytes in the nodes get into 
the general circulation ratlier quickly. A slight relative lymphocytosis 
occurred during the period of the reversal of small and large lympho- 
cytes. Very little change in the number of cells of tlie granular series 
could be observed despite the rather intense leukocytic infiltration 
in the skin at the site of the injection of the antigen. The nature of 
the eosinophilic leukocytic change is to be studied in more detail in 
other experiments. 

Serologic Studies 

Two sources of material, serum and ground-up lymph node in saline 
solution, were utilized in performing agglutination tests. The lymph 
node suspension was made by grinding a weighed portion of cervical 
node in 3 cc. of physiologic saline solution and sand, decanting off the 
cloudy fluid, and finally freezing and thawing the mixture three times. 
The sediment was tlien smeared to be sure that no intact cells re- 
mained, after which the material was centrifuged for 2 minutes at 
1500 r.p.m. and the clear fluid separated for the tests. By this tech- 
nic the number of mg. of lymph node material per cc, of physiologic sa- 
line solution can be determined readily. Table gives the agglutination 
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results by the usual tube dilution method applied to the serum and 
lymph node suspensions in experiment 3. 

Calculation of the nitrogen content of the serum and the nodal sus- 
pensions showed that the serum contained fifteen times as much pro- 
tein, but in spite of this correction the serum far outstripped the nodal 
material in its ability to agglutinate the antigen. Heidelberger and 
Rabat’s method was attempted in experiment 4, but the results will 
not be given because I could not be sure of their accuracy without the 
use of a constant temperature cold centrifuge. It is not the purpose 
of this report to contest the serologic aspects of serum versus lymph 
node antibody content, but the data collected so far do not agree with 
previous reports.^^’’^® It is believed that, given the proper equipment, 
the Heidelberger-Kabat method is probably more accurate than tube 
dilution methods. 

Summary 

A method has been developed for performing differential cell counts 
on lymph nodes of rabbits. Differential counts of lymph nodes of 
normal rabbits were first determined, which gave baseline figures. 

The following observations were made upon the skin and lymph 
nodes of rabbits injected cutaneously with Eberthella typhosa as anti- 
gen: 

1. The bacteria disappeared from the corium within 6 hours and a 
diffuse pseudo-eosinophilic and eosinophilic infiltration took place ' 
which lasted for 48 hours. 

2. During this same interval eosinophilic granulocytes appeared in 
the regional lymph node in large numbers and seemed to disinte- 
grate there. 

3. In the interval of 2 to $ days a small focal granuloma formed in 
the skin at the site of injection and lymphoblasts became distinctly 
hyperplastic in the lymph nodes. 

4. During the 5 to 7 day period basophilic lymphocytes increased 
moderately in number in the lymph nodes and the serum antibody 
titer started to rise. 

5. From this time until the end of the experiments at 15 days, large 
lymphocytes usually were increased in number both in the nodal 

• smears and in the , peripheral blood smears. At this time the skin 
lesion was only a minute focus of fibroblasts and macrophages. 

It may be concluded from these changes that from the standpoint 
of cellular pathology it appears that antibody formation in this pri- 
mary phase is quite complicated and that it is in all probability a pluri- 
cellular reaction involving several systems of cell types. 

It is deduced that granulocytes, lymphoblasts, large lymphocytes, 
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and possibly basophilic lymphocytes (plasma cells) play an important 
part in the primary phase of antibody formation. 

I wish to acknowledge the many helpful suggestions made by Dr. F. D. Guim. 
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DESCRIPTION OF PLATES 


Fig. 


Tlatb 209 

All plates are dra^ngs of microscopic fields by Keith Eddington, . 

I. Reproduced from colored drawing illustrating the six classified cell types 
from l>’mph node smears, 

A. Pseudo-eosinophilic granular leukocyte which is rarely seen in the 
normal smear. 

B. Lymphoblast with nucleoh*. 

C. Basophilic IjTnphocyte. 

D. Large IjTnphocj'te. 

E. Small lymphocyte. 

F. Reticulum cell. 

Sec text for discussion and difterential counts. 




Plate 210 


Fig. 2. There is a diffuse granular leukocytic infiltration of the coriuni. Lym- 
phatics are dilated and cellular elements crowd these spaces. Time interval 
after antigen injection, 12 hours. Hcmato.xylin and cosin stain. X 100. 

Fig. 3. High-power drawing of cell types seen at site of arrow in Figure 2, Capil- 
laries arc dilated and pseudo-eosinophils (A) are numerous. A fair number 
of true eosinophils (C) and rare neutrophils (B) are present. No bacteria arc 
seen. Hematoxylin and eosin stain. X 1000. 

Fig. 4. Low-power view of central zone of right cer\dcal lymph node 24 hours after 
injection. Many areas of hyperemia (A) are seen and also dilated clear spaces 
(B) which appear to be lymphatic channels, some of which contain lympho- 
c>*tes. Hematoxylin and eosin stain. X loo- 

Fig. 5. High-power view illustrates cell types seen in right Ivanpli node at 24 hours 
before lymphoblastic activity commences. Pseudo-eosinophils and eosinophils 
(A) appear in sinuses and a few large lymphocytes (B) arc nearby. Some of 
the eosinophilic cells are disintegrating (C). Endothelial cells (D) and reticu- 
lum cells appear undisturbed. Small lymphocytes are scattered about. 
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THROMBOTIC (EMBOLIC) AORTIC OCCLUSION 
Its Occuerence Among Mentally Sick Patients * 

George S. Strassmann, M.D. 

{From the Laboratory of the Metropolitan State Hospital, Waltham, Mass.) 

Occluding emboli and/or thrombi of the aorta are considered to be 
rare. In general hospitals they are found in about 0.12 per cent 0' all 
autopsies.^'® In the autopsy material of mental hospitals small ao Ac 
thrombi are a common toding in elderly patients, and obliterabag 
aortic thrombi are not rare. An explanation was sought for the high 
incidence of aortic thrombi among mentally sick patients. 

Material 

During a 4-year period, 382 autopsies were performed on psychotic 
patients. Aortic thrombi of varying size were found in 57 cases (18 
males and 39 females). Psychoses of all types were responsible for 
the admission of these patients to the institution, but senile and arterio- 
sclerotic psychoses occurred in 50 per cent of the cases. According 
to the size and the nature of the thrombi, the 57 cases were divided into 
three groups. The largest group (I) consisted of 37 cases with small 
adherent thrombi.t The smallest group (II) comprised 7 cases of 
aortic aneurysm, 6 of which were of arteriosclerotic origin and 
showed thrombi inside and outside the aneurysm. Group III consisted 
of 13 cases with large aortic thrombi which obliterated the lumen of 
the vessel. 

The fatal disease varied. Bronchopneumonia, pulmonary embolism, 
myocardial infarction, coronary arteriosclerosis and thrombosis, cere- 
bral thrombosis and hemorrhage, and severe enterocolitis were the 
rnain causes of death. Wasting diseases such as cancer or caseous 
tuberculosis were rare. The nutritional condition and the ages of the 
, patients can be seen in Tables I and II. 

Group I 

Small adherent thrombi were found in the aortas of the 13 men and 
24 women comprising group I. Nutritional condition and age are 
shown in Tables I and II, respectively. The psychoses for which the 
patients had been treated were of different t5ipes (mental deficiency, 
schizophrenia, paranoid state), but arteriosclerotic psychoses were pre- 
dominant. The thrombi were found over or near atheromatous plaques 
and they were always situated in the abdominal aorta near the bifurca- 

* Received for publication, November 26, 1947. 

t After conclusion of the study, 10 more cases (s men and 5 women in the age between 
6s and 96) showed small nonobliterating thrombi of the aorta. 
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tion. In 14 cases thrombi were found also in the descending tlioracic 
aorta, and in 8 cases in the arch and the ascending aorta. None of 
these thrombi had occluded the lumen. The fatal disease varied; bron- 
chopneumonia was the most common cause of death. In addition to 
atheromatosis of the aorta, sclerosis of the heart valves, and arterio- 
sclerosis of the coronary, renal, and cerebral arteries were usually 
present. 

Group 11 

Aortic aneurysm was relatively rare in this material. Only one large 
syphilitic aneurysm of the ascending aorta was observed. This was 
found in a 57-year-old man, hospitalized for 30 years with a diagnosis 


Table I 

Dislribulion of Cases as to Nutritional State 



Total 

Poor 

Moderate 

Obese 

Total 

57 

28 

12 

^7 

Group I 

37 

18 

9 

JO 

Group n 

7 

4 


I 

Group in 

1 ^3 

6 

I 
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Table 11 

Distribution of Cases According to Age 
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than 50 years. She was a well nourished mentally deficient woman, 33 
years old. The cause of her aortic thrombosis was polycythemia. The 
same underlying pathologic condition was responsible for the throm- 
bosis found in 2 other women, 72 and 80 years old. In the 72-year-oId 
woman the thrombi were situated in the arch of the aorta and had 
extended into the right innominate, subclavian, and carotid arteries, 
causing gangrene of the right arm. In the other 12 cases the thrombi 
were situated in the abdominal aorta and extended upward from the 
bifurcation over a varying area and downward into one or both iliac 
arteries and their branches. In 4 cases the orifice of one renal artery 
was more or less occluded by the thrombus, resulting in large infarcts 
and atrophy of the kidney. In one case the orifices of both mesenteric 
arteries were occluded and terminal intestinal gangrene was found. 
Total obliteration of one or both iliac arteries had caused gangrene of 
one or both legs shortly before death in 9 instances. The fresh oblit- 
erating thrombi were soft and dark. In 4 cases, long-standing thrombi, 
silent for an undetermined period, were found firmly attached to the 
aortic wall, appearing as mushy, grayish yellow clots. Microscopically, 
these thrombi were homogenously pale-staining with only a few cellu- 
lar elements in them. A fibrinoid layer separated them from the pro- 
liferated intima. There were a number of histiocytes with hemosiderin 
in the intima and numerous round-celled accumulations in the intima, 
media, and especially in the adventitia, indicating a reaction to throm- 
bosis. Patients with senile and arteriosclerotic psychoses, mental de- 
ficiencies, schizophrenias, and alcoholic psychoses were found in this 
group. 

From the presence of mural thrombi in the distended left auricles of 
2 women with chronic mitral valvulitis and mitral stenosis, it was con- 
cluded that the obstruction was primarily embolic, followed by second- 
ary thrombosis. One was a 55-year-old schizophrenic, the other a 68- 
year-old arteriosclerotic patient. An embolic origin appeared possible 
in 2 cases with coronary occlusion, myocardial infarction, and mural 
thrombi in the left ventricle and in one case with a distended left 
auricle containing mural thrombi, and with coronary and generalized 
arteriosclerosis. However, formation of the clot by thrombosis could not 
be excluded. In 8 other cases without mural thrombi in the heart, pri- 
mary thrombosis at the bifurcation was probable. Included are the 3 
cases of polycythemia in which an increased tendency to clotting ex- 
isted during life. In the remaining cases atheromatosis of the aorta 
and impairment of the blood flow by coronary sclerosis, myocardial 
infarction, or calcific valvulitis were the main reasons for the formation 
of the thrombus. Ten of the 13 patients were over 60 years of age and 
showed arteriosclerotic heart disease and/or generalized arterioscle- 
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rosis. Atrophy of the organs was common, as is usual in elderly psy- 
chotic patients^ Weight of the brain varied from 950 to 1050 gm.; of 
the spleen, from 50 to 100 gm.; of the liver, from 860 to 1050 gm,; and 
of one kidney, from 50 to 100 gm. The heart showed usually a mod- 
erate hypertrophy with an average weight of about 400 gm. In only 
a few cases, as in the patients with polycythemia or in very obese 
patients, was there encountered a brain weighing 1400 gm., a spleen 
weighing 250 gm., a kidney weighing 210 gm., a liver weighing 1880 
gm., or a heart weighing 600 gm. 

One of the cases was unusual because the silent thrombosis extended 
from the isthmus of tlie aorta to the bifurcation, occluding the left 
renal artery and extending into both iliac arteries. The patient, a 72- 
year old, well-nourished woman with an alcoholic psychosis, had been 
hospitalized for many years and had been treated for diabetes. Signs 
of the thrombosis developed only 2 days before death when tlie right 
iliac artery became wholly obstructed and gangrene of the right foot 
developed. Thrombosis of the left renal artery had resulted in total 
necrosis of that kidney with superimposed suppuration, but no evi- 
dences of renal damage bad been observed during life. The gross and 
microscopic picture of the necrotic kidney was different from that of 
necrotizing papillitis observed in diabetic patients.®'^® 
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cent of all autopsies (57 of 382 autopsies). Obliterating thrombi 
were found in 3.4 per cent of the autopsies (13 of 382 autopsies). 
Neither tlie type of psychosis, which varied to a large degree, nor the 
nutritional condition was an important factor. Emaciated and obese 
patients showed the same tendency to the formation of small mural 
or obliterating aortic thrombi. It may be that some of the patients 
were better nourished before the onset of their mental or physical 
disease, but a number of the emaciated patients had been hospitalized 
for a long period and no chronic wasting diseases were found to be 
responsible for the emaciation. Mental disturbances, the difficulty in 
feeding, the slowing of metabolism, and the generalized arteriosclerosis 
explained the poor nutritional state of the patients.'^ The fatal terminal 
disease was too variable to account for the frequency of aortic thrombi. 
This frequency is probably due to the fact that 254 of 382 autopsies, 
or 66 per cent, were performed on patients over 60 years of age and 
that 160 of 382 autopsies, or 42 per cent, were performed on patients 
over 70 years of age, in whom more or less advanced atherosclerosis, 
especially in the abdominal aorta, was present. Elderly patients form 
a large proportion of the inmates of mental hospitals at the present 
time, and it is probable that the number of these patients will increase 
with the ageing of the whole population. Although obliterating thrombi 
may remain silent for some time, it seems likely that some of the 
thrombi were found incidentally at necropsy only because the confused 
and mentally deteriorated patients did not complain before stormy 
symptoms and gangrene had developed. Many of these patients had 
been admitted to the hospital because of mental symptoms which were 
due to impairment of the cerebral circulation and to cerebral arterio- 
sclerosis. It is understandable that these patients often showed other 
vascular disturbances on the same basis, such as coronary disease, 
myocardial infarctions, calcific valvulitis, aortic atheromatosis, and 
aortic thrombi. 

Summary 

Small aortic thrombi in atheromatosis of the aorta are frequent in 
mentally sick patients over 60 years of age. Thrombotic aortic occlu- 
sions among this special group are not as rare as would be concluded 
from the autopsy material of general hospitals. In the material utilized 
for this study, aortic thrombosis was found in 57 of a series of 382 
autopsies. In 13 cases the thrombus was obturating. The reason for 
the greater frequency in the mentally sick group is, apparently, the 
more advanced average age of this group. 

Since submitting this paper for publication, 6 more cases of aortic thrombosis 
have been observed. The patients were from 71 to 91 years old and had signs of 
advanced sclerosis of the aorta, coronary arteries, and heart valves. In 2, gan- 
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grene of the legs, and in one, gangrene of the intestines, had developed shortly 
before death. In one instance the thrombus was situated at the isthmus. In the 
other 5 cases it was found at the bifurcation and extended into the iliac arteries. 
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